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Abstract
Productive struggle is an instructional strategy in which teachers give students an opportunity to
ponder, reflect, and think about problems for a set period of time, rather than giving the correct
answer right away. The National Council of Teachers of Mathematics names productive struggle
as one of the eight effective mathematical teaching practices and encourages educators to
provide students with opportunities to grapple with challenging mathematical concepts and foster
an environment where students are connecting prior knowledge, discovering new ideas, and
sharpening their critical thinking skills. Productive struggle is a necessary component in gaining
a foundational understanding of mathematics, yet there is not an overabundance of research
studies that compare productive struggle and student achievement, specifically in the
International Baccalaureate classroom. The aim of this research study is to examine the data
collected in the IB mathematics classroom regarding productive struggle and measure its
significance related to student achievement and conceptual understanding in a secondary
mathematics classroom. The Warshauer and Stein & Smith frameworks are used in this study to
code productive struggle and define cognitive level of demand, respectively. The correlation
study shows a strong, positive association between level of productive struggle, student
achievement, and conceptual understanding. A secondary qualitative analysis examines the
students’ perception of their own levels of productive struggle compared to the observer’s coded
levels of productive struggle coupled with the students’ performance. The results of this analysis
show students perceive their own levels of productive struggle to be notably higher than what is
coded by the observer. The findings of the study provide educators with significant information
regarding the practice of productive struggle and due to its impact on student mathematics
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achievement, suggest teachers should make productive struggle a consistent, pervasive practice
in their classrooms.
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CHAPTER 1: INTRODUCTION
The term productive struggle can have a negative connotation; the word struggle making
it sound like a difficult or laborious exercise. However, in the world of education, providing
students with opportunities to grapple with mathematical ideas, talk through challenging
problems, and make connections using prior knowledge, is proving to be an effective
mathematical practice (NCTM, 2014). In fact, research suggests that creating purposeful
situations for students to struggle to make sense of mathematics is an essential element of
learning mathematics with understanding (Heibert & Grouws, 2007). Although direct instruction
and lectures are still an effective practice in the science and mathematics courses (Berrett, 2012),
it is equally important to incorporate teaching practices that allow students to be active
participants rather that passive listeners (Bajak, 2014).
Productive struggle is an instructional strategy in which teachers give students an
opportunity to ponder, reflect, and think about problems for a set period of time, rather than
giving the correct answer right away. The reason behind this is so that during this process,
students will gain a deeper understanding of the concepts and be able to make connections
between mathematical ideas (Lemley et al., 2019). In a study completed by Kapur in 2009, he
found that “providing consistent opportunities for students to persevere with unfamiliar
mathematical tasks encouraged more variability in problem-solving strategies and greater
learning gains, compared to providing consistent opportunities to engage with more procedural
mathematics”. Being able to problem solve and think critically are two major components of
what most people with a mathematics background picture when they are thinking about an
engaging mathematics lesson. A major part of this process is students engaging in mathematical
discussion while collaboratively working together to arrive at a solution. The purpose of
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nurturing this collaborative work is to foster an environment where students are connecting prior
knowledge, discovering new ideas, and therefore learning along the way. The aim is that the
struggle is meaningful and leads to increased conceptual understanding and student achievement.
Statement of the Problem
Productive struggle is shown to encourage thinking, reasoning, and problem-solving in
mathematics. “Productive struggle is a significant part of our problem-solving pedagogy because
it is a fundamental component of problem-solving ability” (Betts & Rosenberg, 2016).
Unfortunately, research studies have shown a significant number of high school students lack a
conceptual understanding of mathematics and instead, only grasp an operational understanding
(Knuth et al., 2008). This lack of authentic conceptual understanding leads to misconceptions
and difficulty in problem solving in advanced mathematics, such as trigonometry and calculus.
Students who advance through elementary and middle school mathematics by memorizing
procedures and not forming an understanding of the foundational concepts are likely going to
struggle in advanced mathematics courses that require problem solving and higher order thinking
skills (Carpenter et al., 2003).
The National Council of Teachers of Mathematics (NCTM) developed the Effective
Mathematical Teaching Practices as a guide for teachers to implement research-based strategies
in their classrooms to engage students in mathematical thinking. Supporting productive struggle
in learning mathematics by providing students opportunities to work through ideas individually
and collaboratively is one of the suggested mathematical practices. Taking this into
consideration, along with the recommendations from NCTM to shift instruction from lectures
and individual work to inquiry and collaboration (NCTM, 2019), suggests productively
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struggling and perseverance are significant factors in developing a conceptual understanding of
secondary mathematics.
Prior studies suggest productive struggle has proven to be a necessary component in
gaining a foundational understanding of mathematics, yet there is not an overabundance of
research studies that show students productively struggling and what this looks like in the
classroom (Warshauer, 2014). There are even fewer research studies within a high school setting
in the area of productive struggle, which only strengthens the importance of this research study.
More specifically to the focus of this research, there are no studies that directly measure
productive struggle in the International Baccalaureate (IB) classroom, which is considered an
advanced level mathematics program. It is established that students will be more successful in
advanced level mathematics courses when they have developed a deeper understanding of
foundational concepts (Knuth et al., 2008), therefore it is important to identify and implement an
instructional strategy, in this case productive struggle, that can increase conceptual
understanding and student achievement.
Research Questions
RQ1: To what extent is productive struggle associated with student achievement in the
International Baccalaureate mathematics classroom?
RQ2: To what extent is productive struggle associated with conceptual understanding in the
International Baccalaureate mathematics classroom?
Purpose and Significance of Study
When the United States is compared to other high-achieving countries in the area of
mathematics teaching, it has been found that US teaching methods do not frequently require
students to critically think and/or reason about mathematical concepts (Hiebert & Stigler, 2004).
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This is a significant finding, yet an issue that US mathematics educators have the ability to
attempt to change. Thinking and reasoning is a key component of problem solving and problem
solving is the root of mathematical thinking. Betts and Rosenberg (2016) found that children
would engage in productive struggle with an engaging, relatable, well-structured problem
solving activity. The productive struggle was more successful when the activity was open-ended
and teachers resisted the urge to tell the students what to do. This prior research gives meaning to
this study; students engaging in productive struggle are given the opportunity to make
connections, discover new ideas, and come to an understanding on their own.
The purpose of this research study was to examine the data collected regarding
productive struggle and measure its significance related to student achievement and conceptual
understanding in a secondary mathematics classroom. Furthermore, the goal of this research is to
develop students’ critical thinking and problem-solving skills through the use of productive
struggle as an instructional strategy. Research has shown that perseverance and persistence when
problem-solving promotes students’ understanding of mathematics (DiNapoli, 2019). Therefore,
with the implementation of meaningful, purposeful opportunities for students to productively
struggle through mathematical ideas, an aim of this study is to show results of increased
conceptual understanding and, therefore, positive growth in student achievement.
Definitions of Relevant Terms
Productive struggle. Productive Struggle will be defined as “students’ thinking and work is
helping them progress toward understanding the new idea; that is, they are making correct
connections between previously learned ideas and the new idea to be learned” (Charles, 2019).
Productive struggle in the classroom may take on many forms. Teachers may observe productive
struggle when students are exhibiting perseverance in problem solving, taking all aspects of the
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problem into consideration, connecting prior knowledge to the task at hand, and/or starting
problems over or taking a new approach when realizing errors have been made.
Instructional Technology. Instructional Technology is the use of technology for the purpose of
delivering mathematics teaching. “Technology includes interactive whiteboards and a wide range
of handheld, tablet, laptop, and desktop-based devices that can be used to help students make
sense of mathematics, engage in mathematical reasoning, and communicate mathematics”
(NCTM, 2019).
Perseverance. In the area of mathematical problem solving, perseverance is initiating and
sustaining in-the-moment productive struggle in the face of mathematical obstacles, setbacks, or
discouragements. The idea of students being able to endure ambiguity and taking on challenges
have been established as critical parts of the learning process (DiNapoli, 2019).
National Council of Teachers of Mathmatics. (NCTM). This is a mathematics organization
founded in 1920. This is the largest official group of mathematics teachers in the world. NCTM
holds national and global mathematics conferences and publishes five journals.
Standards of Mathematical Practice. There are eight Standards of Mathematical Practice which
aim to give educators a variety of knowledge for mathematical instruction. Educators are
encouraged to continually seek methods of developing processes and procedures in their students
to help them be successful in problem-solving and critical thinking (NCTM, 2019).
Conceptual Understanding. A conceptual understanding refers to a deep, theoretical
interpretation of cognitive tasks. Students with conceptual understanding are making connections
between ideas, explaining their thinking, and able to justify their answers (Zeybek, 2016).
Relational Understanding. A relational understanding is a sophisticated, deeper understanding
of a certain concept or idea and its relationship to another idea. The connection between two
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ideas and what these idea means in the big picture of the overall concept constitutes relational
knowledge, which is different than a more basic understanding, such as operational
understanding (Knuth et al., 2008).
Operational Understanding. An operational understanding is a general understanding of an idea
or concept. The ability to make connections between ideas or establish relationships between
concepts is not being achieved at an operational level (Knuth et al., 2008).
Secondary Mathematics Classroom. For the purpose of this research study, a secondary
mathematics classrooms refers to a high-school classroom, consisting of grade levels nine
through twelve.
Introduction to the International Baccalaureate (IB) Program
The IB Program is a global educational program that selected schools can offer as a part
of their established curriculum. To become an IB World School, a school must enter an
application and authorization process. After a school becomes an IB World school, they are
evaluated every five years to continue their authorization. As an IB World school, two different
programs are available to offer students; one is the Diploma Program (IBDP) and one is the
Career Diploma Program (IBCP). Each are designed with a specific set of coursework and
requirements that earn that specific diploma, in addition to satisfying the requirements for a
traditional high school diploma. For the purposes of this study, the focus will be on the IBDP in a
high school mathematics classroom in the state of Georgia.
The IBDP is an assessed program offered specifically to juniors and seniors. It requires
students to take six different IB subject courses that are each two years in length. These courses
satisfy the Georgia High School Carnegie units, as well as, the requirements for the IB diploma.
The IB specifically claims its program is unique and aims to be superior to other curricula.
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The International Baccalaureate® (IB) programs aim to do more than other curricula. Our
four programs develop inquiring, knowledgeable and caring young people who are
motivated to succeed. The IB gives students distinct advantages by building their critical
thinking skills, nurturing their curiosity and their ability to solve complex problems (IBO,
2021).
The IB program strives to develop inquiring, knowledgeable students who are culturally aware
and empathetic of others (IBO, 2021). In addition, the IB strives to develop students who are
inquirers, thinkers, knowledgeable, principled, open-minded, caring, risk-takers, balanced, and
reflective, which are the IB learner characteristics. This learner profile is woven into the IB
curriculum and content. The mathematics courses offered in the IBDP are upper-level courses
and are only for students who are advanced through the third required level of mathematics,
Algebra 2. Therefore, students must begin high school mathematics in middle school or take
accelerated courses to be eligible to enter the IB program as a junior.
Teachers that are tasked with teaching an IB course must first attend a content specific
training. Each content area is taught with a syllabus guide containing standards to be covered in
the course, similar to the curriculum maps and framework the Georgia Department of Education
publishes for the traditional Georgia math courses. As teachers become more experienced in the
IB program, they can attend additional trainings to improve their teaching practices and skills
through the IB lens.
Personal Connection to Topic
For the past ten years of my teaching career, I have had the privilege and challenge of
teaching gifted kids. I have been teaching accelerated classes, honors classes, and now,
International Baccalaureate (IB) courses. It is a privilege to teach the type of student enrolled in
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these courses; they are intrinsically driven, motivated, and ambitious. However, in my
experience, one thing stands above all else for these students and it’s not the quality of their
learning. It is their grades. The numerical grade. The A or the B, and heaven forbid, the C. They
are performance goal based students. The question, “Will this be on the test?” is considered a
frequently asked question. IB courses are so unique is and special because the IB’s mission is to
train students to think like mathematicians. The goal is to explore the math and learn through
inquiry, collaboration, and practice. The IB exams contain questions that are so unique; I cannot
replicate them for my tests. I utilize the IB Questionbank, which is comprised of years of test
questions, so that all my questions contain the rigor level commensurate to what the IB program
strives for me to uphold.
Due to this type of classroom structure, IB learners have shown to perform better
academically when compared to their peers (IBO, 2021). While working through this two-year
diploma program, they acquire strong social and cultural awareness. The course requirements are
extremely rigorous; students who complete the IB diploma often attend high-level universities.
The IB instructors aim to instill a certain learner profile, which is to develop learners that are
thinkers, inquirers, knowledgeable, communicators, principled, open-minded, caring, risk-takers,
balanced, and reflective. The IB program differs from other programs because it “encourages
students of all ages to think critically and challenge assumptions” and the aim is to “transform
students and schools as they learn, through dynamic cycles of inquiry, action and reflection”
(www.ibo.org). The entire focus of the instruction is teach students to become self-advocates, to
not give up, to productively struggle, and to think like academics.
Providing an opportunity for students to earn the IB diploma is just one, yet significant
example of structured, specialized instruction in which the goal is to teach students the intangible
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skills of perseverance and determination through the discovery of content. However, the research
shows there are numerous ways that teachers can provide smaller, but meaningful critical
thinking tasks that instill the same invaluable skills through providing opportunities for students
to productively struggle and develop executive functioning. It is the purposeful instruction,
relentless support, and belief that all students can learn through these meaningful tasks and
inquiry-based lessons that will bridge the gap between students who want to give up and the
students that feel the confidence to continue to persevere. It is the hope that through the struggle
and perseverance, the significant learning occurs.
Conceptual Framework
As I started my research journey, I created a conceptual framework map to organize my
ideas, the literature surrounding my topic, and identify potential gaps in the research that I could
contribute to filling. Throughout the process, I was able to reflect, edit, and utilize this
framework to guide my research. Figure 1 outlines the process that guided my research and
helped me in organizing my study.
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Positionality
Productive struggle is an effective
teaching practice that provides
students with the opportunity to
engage in mathematical discourse
while they strive to connect
mathematical ideas and in turn, build
conceptual understanding

Personal Motivation
Improve the use of
productive struggle as
a consistent, pervasive
instructional strategy
for students
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Goals
Demonstrate to students that the act of
productive struggle can instill criticalthinking and problem-solving techniques
that students can apply throughout their
educational career
Share outcomes with other mathematics
teachers who are interested in utilizing
practice of productive struggle

Literature Review
Topical Research
Productive Failure (Kapur et al., 2008)
Persistence in Problem Solving (Betts & Rosenberg, 2016)
Conceptual Understanding in Mathematics (Knuth et al., 2008)

Theoretical Framework
Social Constructivism (Simon, 1995 & vonGlasersfeld, 1995)
Productive Struggle (Warshauer, 2014)

Problem Statement
As research shows, US schools do not frequently incorporate
instructional strategies that require critical-thinking and problem
solving skills (Hiebert and Stigler, 2004). The purpose of this research
is to investigate productive struggle and if, when used as a consistent
instructional strategy, can foster conceptual understanding and
increase student achievement.
Methodology
Through a quantitative research method, this study will utilize a
quasi-experimental design to explore the extent to which productive
struggle affects conceptual understanding and student achievement.

Research Questions
RQ1: To what extent is productive struggle associated with student
achievement in the IB mathematics classroom?
RQ2: To what extent is productive struggle associated with
conceptual understanding in the IB mathematics classroom?

Participants
68 students in three
different class blocks

Data Gathering Methods
Student self-reporting survey
Teacher coding
IB Assessment Questions

Figure 1. Conceptual Framework

Data Analysis
Pearson Correlation

Process Support
SPSS Software
IB QuestionBank
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CHAPTER TWO: LITERATURE REVIEW
Introduction
This chapter is broken down into four core sections. The first section examines the
theoretical frameworks of productive struggle (Warshauer, 2014), themes of the literature
regarding productive struggle, and the implications of productive struggle on practice, policy,
and future research. The second section gives an overview of the cognitive demand framework
(Stein & Smith, 1998) and discusses themes of cognitive demand found within the literature. The
third section examines the literature pertaining to conceptual understanding and what conceptual
understanding looks like a mathematics classroom. Finally, the fourth section describes the
details and requirements of engaging students in the advanced mathematics classroom,
specifically, the International Baccalaureate (IB) curriculum. This section examines how this
program integrates and measures productive struggle, cognitive demand, and conceptual
understanding. Due to the explicit and unique requirements of the IB program, the understanding
of how student achievement, conceptual understanding, and cognitive demand are interwoven
into the IB curriculum and how these components are measured within this IB environment is
critical to the study.
Productive Struggle Theoretical Framework & Themes in Literature
The primary theoretical framework for productive struggle used as an overview for this
study is the Productive Struggle framework (Warshauer, 2014). Research studies indicate that
struggling and persevering through difficult concepts is an essential component of conceptual
understanding of mathematics (Warshauer, 2014). This idea is constructed through the viewpoint
that the process of engaging students in some “confusion, perplexity, or doubt” is essential to
creating a deep understanding (Piaget, 1960). The Productive Struggle framework that
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Warshauer (2014) presents in her research is based upon the notion that conceptual
understanding in mathematics must include students “doing mathematics” through the process of
inquiry, problem-solving, and critical thinking (Schoenfeld, 1992). However, most classrooms
are not creating an environment for students to “do mathematics” (Weiss & Pasley, 2004). The
notion of “doing mathematics” refers to a student centered learning environment where students
are given opportunities to make connections and reason in mathematics through engaging in
challenging mathematical tasks, rather than being given a worksheet of problems to work out on
their own (Stein & Smith, 1998.) The Warshauer research suggests that in order to build on the
idea that a deeper, conceptual learning can be reached if students are given the time and
opportunity to struggle to make sense of mathematical concepts and build on prior knowledge
(Warshauer, 2014).
The Warshauer framework focuses on two components in which to elicit the practice of
productive struggle from the students; the first is the careful selection of mathematical tasks
and/or problems given to students. A significant part of eliciting productive struggle is that
students are given meaningful tasks or mathematical problems to solve to shift the students
toward a deeper understanding (Lambert, 2001). Students tend to be more engaged and willing to
struggle through a problem if the problem requires a high level of cognitive demand (Silver &
Stein, 1996). The high-level cognitive demand requires a higher level of intellectual demand,
which creates the precise environment for the students to potentially struggle to arrive at the
answer.
The second component Warshauer examines in her research of productive struggle is the
way in which teachers respond to students as they are struggling. There is a delicate balance
between helping to resolve a student’s struggle by guiding the student with questions and
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prompts and giving too much information to the student and therefore depriving the student of
the opportunity to think through the problem on his/her own. Studies have shown that prior
knowledge is an important piece of this puzzle and when teachers can respond to students with
examples or use of analogies to elicit this prior knowledge, it can ease the cognitive demand and
create a successful setting for productive struggle for students (Richland et al., 2004). In
Warshauer’s research, it is found that an initial response to student struggle did elicit the student
to put forth some action, although of varying lengths. The initial response, in some cases, did
produce some student thinking, however, it was found that a set of responses seemed to provide
more support and guidance for students.
Warshauer recorded four types of teacher responses using a tiered range, referred to as
the Teacher Response Continuum (2014). The four types of responses were categorized as
telling, directed guidance, probing guidance, and affordance. Telling was the response that gave
the student the most help; this response supplied the student direct information, suggested the
strategy, corrected the error, or even related back to a simpler problem. This response lowers the
cognitive demand of the task. Directed guidance is a response where the teacher could give an
analogy to alter the problem, direct a specific action, to redirect student thinking. This response
maintains cognitive demand, as does the third type of response, probing guidance. When a
teacher is responding with probing guidance, the teacher can ask for a written explanation of
student thinking to offer ideas or ask the student to give reasons and justifications for the
thinking. Finally, the teacher can respond with affordance, which will maintain or even raise the
level of cognitive demand. The teacher will build on student thinking, ask for a more detailed
explanation, or press for sense-making and justification.
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Teachers respond to students struggling in different ways, yet in some cases, the teacher
has the ability to influence the students’ ability to continue struggling through the task
(Warshauer, 2014). A significant finding in Warshauer’s research is that teachers seemed to be
more responsive to student struggles when the tasks were specifically created to be challenging
and elicit student thinking. In addition, teachers were able to assess student misconceptions and
guide the student back on track when the student was able to write or explain his/her thinking
process. Finally, Warshauer’s study suggested that prior knowledge is a key factor in students
being able to connect and discover new knowledge while working through challenging tasks.
Teachers being able to prompt students to build on this prior knowledge was a positive factor in
maintaining the productive struggle.
In addition to Warshauer’s research in 2014, themes in the literature point to two main
ideas; productive struggle aids in increasing students’ problem solving and critical thinking skills
(Betts & Rosenberg, 2016; Kapur, 2009; Livy et al., 2018) and productive struggle facilitates
students’ ability to make sense of mathematical concepts and ideas (DiNapoli, 2019; Edwards &
Beattie, 2016; Lemley et al., 2019; Zeybek, 2016). Research has shown that students who
struggle to comprehend mathematics is an essential element of learning mathematical concepts
with understanding (Warshauer, 2014). Although it can be difficult deciding how long to allow
students to ponder a problem, it is that meticulous pondering, reasoning, discussing, that is the
important part of the critical thinking process. The process of reasoning through a problem is
what sparks the student to connect new ideas and utilize reasoning skills. Through trying, failing,
restarting, trying again, students gain a deeper understanding of mathematical concepts (Kapur,
2009). Harnessing this deeper understanding is what leads students to be able to make sense of
new mathematical ideas.
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The Effective Mathematics Teaching Practices, created by National Council for Teachers
of Mathematics (NCTM) outline eight different research-based strategies for K-12 educators to
implement in their classrooms and strive to foster in their students. The first standard encourages
teachers to create an environment for students where they can “make sense of problems and
persevere in solving them” (Georgia Department of Education, 2017). Prior research studies have
found that giving students the forum to struggle productively on problem-solving tasks while
engaging in mathematical discourse is a critical component of conceptual understanding. NCTM
recommends that teachers need to provide opportunities for productive struggle as this is
significant and essential to learning mathematics with understanding; the act of productive
struggle constitutes “doing mathematics”. Challenging tasks should be used to engage students in
perseverance when learning mathematics concepts, but this struggle needs to be facilitated and
encouraged by the teacher (Livy et al., 2018).
Research indicates that presenting students with challenging tasks encourages students to
take risks in their learning, yet still feeling encouraged about their ability to persevere through a
problem (DiNapoli, 2019). Engaging students in productive struggle can create an environment
for students to feel comfortable taking risks, accepting failure, yet still feel confident and engage
in classroom discussion and problem-solving tasks (Ewing et al., 2019). To elicit productive
struggle, the selection of an appropriately challenging task is critical, and in addition, research
has shown that when purposeful engaging tasks are presented, students are more likely to engage
in productive discussions and meaningful collaborative work (Livy et al., 2018).
Implications of Productive Struggle
Productive struggle can seem appealing to teachers, but without experiencing what this
approach feels like from a student perspective, can be difficult to execute appropriately. To
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successfully incorporate productive struggle as an instructional strategy, it is critical for teachers
to receive professional development in order to feel more comfortable implementing this
approach in their classrooms (NCTM, 2019). The way in which the teacher responds to students
during the productive struggle process is essential to its success. Teachers who were able clearly
explain the value in struggling to make sense of mathematics helped to encourage students
during the problem-solving process (Warshauer, 2014). Communication between teachers and
students during the process of productive struggle is imperative to keep students from getting
discouraged or frustrated and so that students understand the significance of perseverance and
how this skill relates how a mathematician would approach a problem (Livy et al., 2018).
An important part of implementing productive struggle is not only selecting the correct
task for students to work through, but also the method in which the task is delivered to the
students by the teacher. The task requires the appropriate amount of challenge and complexity.
The teacher needs to set appropriate and established expectations for exactly how students will
work toward a successful solution of a problem (Kapur, 2009). It can be difficult to resist the
urge to answer the students’ questions or give students the help when they cannot figure out the
solution. It is reasonable that teachers will set high expectations for their students, but these
expectations should be clearly communicated to students and often repeated (Ewing et al., 2019).
Implications for future research points toward the necessity of additional studies with
high school age students. The majority of studies focus on elementary and middle school
students, and while that is valuable, it creates a limited view. More studies were found in the
middle school setting than in any other setting. There were zero studies regarding productive
struggle conducted in an International Baccalaureate classroom. In addition to gaps found in the
instructional settings, the number of students in the sample was also a factor (Kapur, 2009). The
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research suggested that larger samples were utilized within schools, but also spanning across
multiple schools that teach similar curriculum (Kapur, 2009). No studies were found where
productive struggle was studied in a college classroom, although one study aimed to document
what struggle looked like in a post-secondary classroom but ended up changing the setting of the
study to a middle school classroom (Zeybek, 2016).
Secondly, the studies lack documented examples of students demonstrating problemsolving while productively struggling (Zeybek, 2016). Given the aim of the study is to research
what productive struggle looks in a classroom of a specified setting, it seems necessary to
compare and contrast what actual student work looks like. To gain an understanding of the
struggle students are working through, details of the struggle are needed to analyze. Student
input, as well as teacher input, is needed to document the full picture of the struggle experience.
Learning to facilitate, prompt, and reconfigure tasks based on observing students is a critical
component that will require professional development and training for teachers if they intend to
implement productive struggle as an instructional strategy.
Finally, an implication for future research is the notion of prior knowledge and the part it
plays in a student’s ability to productively struggle (Zeybek, 2016; Kapur, 2009). It is difficult to
tell the difference between a student’s lack of perseverance and unwillingness to persist and their
true misunderstanding of a foundational concept. If the student lacks the prerequisite knowledge
to solve a problem, the student isn’t necessarily giving up, but does not have the appropriate
understanding to proceed. This lends itself to collaboration, discussion, and a certain level of
cognitive demand, mentioned previously. Students willing to work together might be able to
work further into a problem, given their group effort. To establish prior knowledge and cognitive
demand for tasks, Warshauer (2014) coded each of her questions using one of the four cognitive
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levels, (ie: memorization, procedural, procedural with connections, and doing mathematics). One
unintended, but beneficial outcome of this study would be to compare the cognitive demand
level of the task or problem given to the level of productive struggle observed. This is important
to future research because it gives teachers direction in planning tasks which would elicit
successful productive struggle. The current research has shown several ways in which productive
struggle is implemented in the classroom and the effects this approach has on teachers and
students (Kapur, 2014, Warshauer, 2014).
Cognitive Demand Theoretical Framework & Themes in Literature
The secondary framework referenced in this study is the Stein & Smith framework
outlining the levels of cognitive demand and the concept of “doing mathematics” (Stein &
Smith, 1998). As seen in Warshauer’s research, the level of cognitive demand required for a
specific task can impact the level of productive struggle a student is willing to put forth. Stein &
Smith shaped the Mathematical Tasks Framework, which suggests that if the goal is to teach
students to critically think and reason through tasks or problems, then the tasks presented to them
should be challenging enough to elicit this type of thinking (1998). One of the components of
this framework is the direct relationship between level of cognitive demand related to
mathematical tasks and student thinking and learning. Furthermore, their study revealed that
even when teachers intend to create tasks with a high level of cognitive demand, students rarely
experience such. Due to the way teachers set up the task or interpret struggle during a task,
cognitive demand can be lowered; however it is also possible to raise the cognitive demand,
which makes the teacher role critical in creating mathematical tasks.
As mentioned, when selecting the appropriate task to elicit student thinking and critical
reasoning, it is important to consider the level of cognitive demand required for the task (Stein &
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Smith, 1998). Stein & Smith present a way to categorize tasks into four levels of cognitive
demand, which is the framework Warshauer uses to code the cognitive demand of the tasks in
her studies of productive struggle. The four categories are memorization, procedures without
connections or meaning, procedures with connections or meanings, and doing mathematics.
Other research studies also suggest that “doing mathematics” is the hallmark of becoming
mathematically literate (Lemley et al., 2019).
There are two types of cognitive demand, which are considered low-level and defined by
Stein & Smith; the lowest of these levels is memorization. A problem at this level cannot be
solved using a procedure because a procedure either does not exist or the problem is too quick to
need one. Students can solve these type of problems by regurgitating previously learned facts,
formulas or definitions. Level one problems are not uncertain and have no connections to
concepts that inspire the desired learning outcome. The second low-level type of cognitive
demand requires a procedure, but without any connection to a concept or meaning. A student
could perform a task at this level by using an algorithm or pattern; the correct answer is more of
the focus rather than developing understanding.
The two types of higher-level demands are performing procedures that require
connections and/or meaning and doing mathematics. Tasks that require procedures with
connection are designed to focus student thinking on the use of the actual procedure to obtain the
answer in order to develop a deeper understanding. Level three tasks require a degree of mental
effort and can be represented in a variety of ways. Making connections using multiple
representations can increase conceptual understanding and help develop meaning. This leads to
the highest level of cognitive demand, which Stein & Smith refer to as doing mathematics. At
this stage, students are unable to fall back on a rehearsed series of steps, but instead must use
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complex thinking and retrieve prior knowledge. This requires a high level of cognitive effort and
exploring, analyzing, and self-regulation are all major components of a task requiring this level
of demand.
The Warshauer (2014) and Stein & Smith (1998) frameworks lead to the third section in
this chapter, the examination of what constitutes conceptual understanding and how is measured.
Selecting the appropriate task, with the level of cognitive demand to elicit student thinking and
critical reasoning is directly related to the level of productive struggle teachers can expect to gain
from a task. The final piece to connect from the current research described above is the level of
productive struggle obtained from the appropriate challenging task and its relationship to
conceptual understanding. Finally, the goal is to bridge the gap from conceptual understanding to
increased student achievement.
Conceptual Understanding
Conceptual understanding in mathematics education can be defined as the comprehension
and knowledge of mathematical ideas, operations, and relations (National Research Council,
2001). Creating tasks that elicit critical thinking and problem solving can guide students in
connecting new ideas, which can increase conceptual understanding. Students who have a strong
conceptual understanding should be able to apply and adapt mathematical ideas to new situations
(Balka, et al. 2015).
As mentioned in the Stein & Smith framework, selecting tasks that require a high level of
cognitive demand is critical in eliciting the type of mental effort that leads to a deeper
understanding of concepts. Students tasked with exploring unfamiliar tasks with the use of
activating prior knowledge to connect to new ideas enables the student with the ability to make
sense of the mathematics (National Research Council, 2001). In addition, noted by the National
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Research Council, “when students have conceptual understanding of the mathematics they have
learned, they ‘avoid many critical errors in solving problems, particularly errors of magnitude’”
(2001).
A significant theme in the literature connecting productive struggle to conceptual
understanding is the notion that critical thinking and conceptual understanding are two
components that can positively impact a student’s success in advanced level math courses (Habre
& Abboud, 2006). Research has shown productive struggle leads to meaningful mathematical
discourse and improves perseverance for problem-solving (DiNapoli, 2019). Therefore, it is
imperative to provide students an opportunity to productively struggle, reason, problem-solve,
and critically think at a high level of cognitive demand to gain a deeper, conceptual
understanding. For students to continue to advanced level mathematics, it is imperative they are
able to think critically and reason efficiently when given a contextual situation. Memorizing
steps to solve an equation or find a value on the unit circle will only get students to a certain
point, mathematically. A surface level understanding of concepts has not proven to be sufficient
for students enrolled in post-secondary mathematics courses (Knuth et al., 2008).
In a research study conducted with a population of middle school students, results
indicated the importance of a relational (ie: conceptual) understanding of basic foundational
concepts such as the equals sign (Knuth et al., 2008). If students are having trouble
understanding the foundational meaning of the equals sign, this can be quite concerning, as it can
become one of the major stumbling blocks for learning Algebra (Carpenter et al., 2003).
Additionally, research suggested creating a solid foundation of algebraic concepts in middle
school is critical to conceptual understanding of advanced mathematics (Knuth, 2008). It is the
responsibility of the teacher to implement research-based instruction that is aimed toward
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promoting student conceptual understanding and, in turn, preparing students for advanced or
accelerated math courses; productive struggle is considered a constructive framework that can
help achieve this objective (Edwards & Beattie, 2016).
The International Baccalaureate Program (IB)

To gain a full understanding of this study, it is important to discuss the IB program and
how this program defines, integrates, and measures productive struggle, cognitive demand,
conceptual understanding, and student achievement. The International Baccalaureate Program
(IB) offers rigorous, premium, research-based educational programs for students ages 3 – 19
(International Baccalaureate Organization, 2021). When a student chooses to pursue an IB
diploma, part of the mission and aim of IB is to “…develop inquiring, knowledgeable and caring
young people…” (IBO, 2021). In addition the to the mission statement, the IB provides a learner
profile, mentioned previously, which are intangible qualities interwoven into the IB curriculum.
Several of these characteristics refer to the significance of conceptual understanding and the role
it plays within the learner profile:
As IB learners, we strive to be knowledgeable. We develop and use conceptual
understanding, exploring knowledge across a range of disciplines. We engage
with issues and ideas that have local and global significance. (International
Baccalaureate, 2021)
The IB states that its diploma aims to develop conceptual understanding through the lens of
crafting students who are educational risk-takers, inquirers, thinkers, and communicators.
IB believes conceptual knowledge moves beyond the realm of rote calculations and
memorized facts (IBO, 2021). As a part of his equity framework, Stembridge discusses how
scientists define a concept as a logical depiction of objects, symbols, actions, or events that when
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studied together creates a single rational principle or idea. As concepts build on one another, an
understanding or learning experience is created. This mental challenge of connecting concepts
involve powerful emotions which spark our neural networks and become a part of our intellect
(Stembridge, 2020).
In 2002, a committee was formed to examine and improve the advanced study of
mathematics and science across the United States. This committee created sub-panels which
presented findings after an in-depth synthesis of high school mathematics and science
curriculum. Several examples exist in which sub-panels found a lack of emphasis on conceptual
understanding and far too heavy of the curriculum focused on technical problem-solving and rote
calculation (National Research Council, 2002). In addition, the IB curriculum was specifically
mentioned as a model for conceptual understanding and committee members directly
recommended the current curriculum, instruction, and assessments to be redesigned and modeled
similarly to the IB program. The committee reports, “On the whole, IB examinations are
somewhat more conceptual in nature than their AP counterparts” (National Research Council,
2002). This study is significant as it connects the idea of conceptual knowledge to the IB
curriculum.
There are three major components to earning the IB diploma in addition to the
coursework: Theory of Knowledge, Creativity/Activity/Service (CAS), and Extended Essay. The
extended essay and the CAS obligations are requirements that fall outside of the mathematics
classroom, however the Theory of Knowledge (TOK) component is thread throughout all
coursework, including the mathematics course. Each IB mathematics standard provides not only
the direct content that should be taught, but in addition, questions and ideas that give students an
opportunity to reflect and creatively ponder about the nature of the standard, how it was
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produced, and assumptions or biases a student might have had prior to learning the standard. The
goal is to gain international-mindedness and consider the perspectives of others. Through this
lens, the aim is to gain a deeper understanding of the mathematics content. See Appendix B for
an example standard with TOK connection.
Within the IB mathematics coursework, a students’ level of knowledge is measured in
two major ways: an external assessment and an internal assessment. The external assessment is a
written examination that is externally written and externally graded. IB exams are given at the
end of the coursework and are globally standardized. There are two versions of this standardized
examination given, one in May and one in November depending on whether the school is in the
Northern or Southern hemisphere. A specific set of grading procedures, called a markscheme, is
written for each questions on the assessment. Each IB grader uses the same markscheme. Before
one can become an IB examiner (grader), one must attend a required training, then demonstrate
proficient grading using the markscheme. The score on the exam is given as a numerical value
between 1 – 7, based on the number of marks a student accumulates. The methodology guiding
IB assessments is criterion-related and not norm-reference. The reasoning behind this is so that
students’ knowledge is measured based on a pre-determined level of knowledge, rather than by a
comparison to their peers (IBO, 2021). A score of a 4 is considered as a demonstration of a
proficient level of knowledge and level of marks to earn a 4 is different for each year’s
examination. Classroom teachers are expected to assess their students using similar questions
provided in an IB Question Bank to adequately prepare them for the IB examination at the end of
their coursework.
The internal assessment is a mathematical exploration paper that gives students the
opportunity to apply the knowledge and skills they have learned in the course, while also given
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the freedom to creatively explore topics, contained in the standards of the course, that are of
interest to them. Students are given a detailed rubric that the IB examiners will use to grade their
paper. The rubric includes five categories: Presentation, Mathematical Communication, Use of
Mathematics, Personal Engagement, and Reflection. Classroom teachers can give one round of
feedback for the students. The internal assessment should be worked into classroom discussions
and students should have multiple opportunities to research, explore, and examine their topic.
This paper is thorough and should demonstrate knowledge of the topic chosen; students are
required to write 12 – 20 pages in order to adequately demonstrate understanding. Clear
understanding of concepts and ideas should be clearly communicated through this mathematical
exploration paper.
Through the internal assessment (math exploration paper) and the external assessment
(IB exam), students are given the opportunity to demonstrate conceptual knowledge and mastery
of IB standards, which if demonstrated at a proficient level in each required course, students will
earn the IB Diploma. It is the classroom teacher’s responsibility to adequately prepare students to
perform at a proficient level on these two assessments. Therefore, it is critical that the classroom
teacher is frequently providing both formative and summative assessments that mirror the
requirements, formatting, and rigor level of the IB exam and the mathematical exploration paper.
The IBO created its own research department to conduct studies around the world
regarding that examine the impact, effectiveness, and outcomes of the IB programs on teachers,
students, and schools. From the key findings released in 2021, it was found that IB students,
when compared to their non-IB peers, showed a higher level of critical thinking skills. In
addition, the study found that IB students’ critical thinking skills increased from Grade 11 to
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Grade 12 and furthermore, the students’ math skills were more “pronounced” than their non-IB
peers (Hopfenbeck, et al. 2020).
Although the term productive struggle is not directly mentioned in the study, a similar
theme, perseverance, is mentioned as part of a key finding. This particular study surveyed
counselors, alumni, and school coordinators and felt that the IB program aided IB students to
become better at learning to persevere and take on new challenges, when compared to non-IB
students. In addition, IB students and alumni felt, due to the IB program, they were more
communicative and collaborative (Hayden et al., 2017).
Finally, a multi-year study conducted from 2016 – 2020 examined the high school and
post-secondary experiences and outcomes of IB students to gain insight into the impact IB has on
college readiness. There were several different findings from this study. One finding was that IB
students are more internally motivated and engaged when compared to their non-IB cohorts. In
addition, IB students obtained both higher SAT scores and higher grade point averages than their
non-IB peers. Lastly, IB students reported the IB program helped prepare them for advanced
post-secondary courses, specifically in the areas of critical thinking and study skills (Duxbury et
al., 2021).
Although no other research was found outside of the study conducted by researchers
within in the IBO, these studies are significant for a number of reasons. One, IBO teams with
dozens of colleges and universities around the world to gather data on the impact and
effectiveness of the IB program. Outside researchers are authorized to perform and examine the
influence of how the curriculum of IB compares to students who do not choose to complete the
IB pathway. Secondly, though productive struggle is not implicitly mentioned, perseverance and
critical thinking skills are a significant part of the key findings and both can be directly tied back
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to students pursuing the IB diploma. Finally, student achievement, in the form of SAT and GPA,
is also shown to be positively influenced by the IB program (Aldana et al., 2020).

Summary and Discussion
The literature presents a picture of the strategy of productive struggle and its influence on
mathematics classroom instruction. The importance of this research is significant; productive
struggle could be an instructional strategy that impacts student learning in a positive way. The
Standards for Mathematical Practice were developed by the National Council of Mathematics
Teachers to give educators of all levels of expertise, characteristics in which to seek to instill in
their students. Critical thinking and problem-solving are skills students must exhibit to be able to
engage in high-level instructional tasks (Knuth et al., 2008). Productive struggle is a pedagogical
approach for teachers to instill persistence and perseverance when solving problems.
Synthesizing this literature has revealed it is important to acknowledge the reason for
seeking an engaging, thought-provoking pedagogical approach to teaching mathematics. Being
able to critically reason and thoughtfully consider fundamental concepts is a component of
“doing mathematics” (Lemley et al., 2019). Fostering an environment of mathematical
discussion and creating a solid foundation of algebraic concepts in middle school is critical to
conceptual understanding of advanced mathematics (Knuth, 2008). As part of their education,
students deserve an academically challenging environment; hence, the research, mentioned
above from the IB program, paints a picture of a rigorous academic curriculum for students in
which IB students thrive by scoring higher on the SAT, maintaining higher GPAs, and feeling
more generally prepared for post-secondary math courses than when compared to their non-IB
peers.
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Additionally, developing an environment where students can engage in challenging tasks
and mathematical discourse is a fundamental part of developing critical thinking and problemsolving skills (Lemley et al., 2019; Stein & Smith, 1998). Building critical thinking and
reasoning skills is not only a significant part of learning mathematics, but affords students
intangible tools, such as for problem-solving, that can be applied to other academic courses.
Effective instructional strategies that encourage productive persistence equip students with the
habits and behaviors needed to succeed in a post-secondary setting (Edwards & Beattie, 2016).
Instilling the attitude of not giving up and accepting failure as a way of learning can be viewed as
a way of teaching students more than just skills to succeed in mathematics, but can help students
develop life-long skills that would aid students in other life areas as well.
Finally, teachers and students who participate in productive struggle are more apt to
become self-directed, accountable students (Lemley et al., 2019). Students who engage in
mathematical discussion and collaboration are afforded the opportunity to make connections
between the concepts, rather than only seeking the correct answer. Students learn to seek
mastery, rather than becoming only satisfied with an accurate result. These unquantifiable skills
can be difficult to teach, yet are extremely beneficial to the student moving forward in their
education. It does not take a giant leap to anticipate if productive struggle can increase problem
solving and critical thinking, then it could increase conceptual understanding and impact student
achievement in a positive way
Conclusion
This literature builds a foundation for what productive struggle, cognitive demand, and
conceptual understanding looks like in IB classroom. In addition, it identifies themes
surrounding these ideas and frameworks that will become critical for connecting the current
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research to the proposed research within this particular study. Each pilar found within the
literature guides this study to its goal; to discover whether engaging students in productive
struggle will increase conceptual understanding and therefore, positively impact student
achievement. More specifically, the theoretical framework of Warshauer will guide the
groundwork of this study by creating the structure of the research with two components: the
importance of the tasks chosen to engage the students in productive struggle and the responses
given by the teacher (researcher) to facilitate successful productive struggle.
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CHAPTER 3: METHODOLOGY
This study was conducted by employing a quantitative research method with a preexperimental design (Creswell, 2018) . The pre-experimental design was most appropriate for
this research, as the participants were not randomly selected. In addition, this design was chosen
because the structure of the design is most suitable to address the research problem and answer
the research questions. The purpose of this study was to explore the association of productive
struggle with student achievement and conceptual understanding. The study was conducted in
the mathematics department in a city school district in a suburb located north of Atlanta,
Georgia.
Research Questions
The following research questions guided the quantitative research study:
RQ1: To what extent is productive struggle associated with student achievement in the
International Baccalaureate mathematics classroom?
RQ2: To what extent is productive struggle associated with conceptual understanding in the
International Baccalaureate mathematics classroom?
Research Design
Recall, this study was conducted by employing a quantitative research method with a preexperimental design. The data was collected between the dates of January 18, 2022 and April 1,
2022. The pre-experimental design was most appropriate for this research for two reasons; (1)
the participants were not randomly selected, and, (2) this was a one-shot case study that involves
exposure of a treatment to a group followed by a measure (Creswell, 2018). A one-shot case
study was most appropriate for this study because of the pre-determined way the participants are
assigned to IB courses. The participants were assigned to groups based on their scheduled class
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blocks. The data were collected during three different class blocks, but used as one pool of data.
There were not different interventions used to compare class blocks. Additionally, there was not
a pre-test, post-test measurement, which is why this particular one-shot design is most fitting.
The participants’ abilities were relatively equivalent based on their placement in this course, and
therefore the findings can be supported without influence from external factors. The students
were exposed to a treatment; in this case, it is the instructional strategy of productive struggle,
then the researcher analyzed the data collected from the exposure of this treatment. This chapter
details the data collected and the analyzation techniques that were used to measure the exposure
to the treatment.
A quantitative research method was selected based on the nature of the research
questions. The aim of a quantitative approach is to focus the research on thoroughly measuring a
set of variables to answer to what extent these variables are associated with one another
(Creswell, 2018). Both research questions in this study focused on the extent to which a specific
instructional strategy, productive struggle, impacted student achievement and conceptual
understanding, which can be best answered with an experimental approach (Creswell, 2018). In
this design, the researcher gathered data for a group of students subjected to a specific treatment,
the instructional strategy of productive struggle, followed by the measurement of what extent this
strategy affected student achievement and conceptual understanding.
Research Setting
The study was conducted in a high school located in a city school district, just north of
Atlanta, Georgia. The school population is reflective of the community surrounding the school.
The school population is approximately 2650 students. The student demographics are as follows:
1060 (40%) Black students, 954 (36%) Hispanic students, 504 (19%) White students, 80 (3%)
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students identify as Multi-Racial, and 52 (<2%) students are Asian/Pacific Islander. About 1380
(52%) of the students are identified economically disadvantaged, 265 (10%) are students with
disabilities, and 291 (11%) are English language learners. There are 120 teachers at this school,
ranging from zero years to 31 years of experience. The school has a fully functional Student Life
Center, as well as, a College and Career Academy. This district is an International Baccalaureate
(IB) district, which means the elementary schools offer the Primary Years Program to all
students K – 5. Students in sixth grade up until tenth grade are considered MYP students, which
are IB Middle Years Program students. When students reach their junior year, they can choose to
continue the IB path and pursue an IB diploma or an IB Career diploma. All students in this high
school have the option to pursue an IB diploma; there is not an application process to enter the
program. Students can also choose to not continue down the IB path.
The school curriculum is built off the Georgia Standards of Excellence (GSE) and the
International Baccalaureate syllabus guides. If a student is in enrolled in an IB course, the
teacher will follow the standards set for by the International Baccalaureate Organization (IBO),
whereas, if a student is enrolled in a Georgia Carnegie course, (ie: Algebra 1, British Literature,
Biology), the teacher will follow the GSE standards established by the Georgia Department of
Education (GaDOE). The mathematics department places students in courses based on teacher
recommendation, student choice, and parent input. Pre-requisite courses are authenticated by the
GaDOE, in conjunction with the school counselors. This figure is a chart depicting the
mathematics pathways for the students at this school.
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Figure 2. Mathematics Course Pathways
Participants
This study focused on International Baccalaureate students enrolled in the IB Analysis
and Approaches Year 1, Standard Level course. There were 68 participants, with ages ranging
from 15 – 17 years old. Students that take this course must be in either tenth or eleventh grade
and need to have taken a prerequisite math course (see Figure 2). The students were 32 (47%)
female students and 36 (53%) male students. The course in which the data was collected is
labeled an Honors course and due to it also being an IB course, means students receive a quality
point added to their Weighted Grade Point Average (GPA). Of the 68 participants, 47 (69%) of
the students in this course were identified as Gifted and 9 (13%) students were served by the
Special Education department. The demographics of the students in the course mirror the school
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demographics. Students and parents that contributed to this study were given the opportunity to
willingly participate in this study through consenting on two different forms, a parental consent
form and a student assent form. Both forms were approved by the school district Board of
Education and the Kennesaw State University Institutional Review Board (see Appendix E).
Instruments & Data Collection Procedures
The data were collected in three forms and directly related to measuring student
achievement and conceptual understanding. The first form of data collection the researcher used
is IB-style assessment questions as warm-ups each day of new content. These warm-ups were
scored on a point scale (1 – 11), depending on difficulty of the question. These point scales are
called markschemes and are similar to very detailed rubrics (see Appendix D). These are written
and pre-determined by the examiners in the International Baccalaureate Organization (IBO). The
researcher used the pre-determined markscheme to score each warm up question. The warm-up
questions are the exact style of the summative assessment questions and can be compared
equally, in difficulty and cognitive demand, to the assessment questions of the same content.
This was important when coding the level of the productive struggle when participants were
working through the warm-up questions.
All the questions, for both the warm-ups and the assessments, were pulled from the
secure, password-protected, IB QuestionBank (https://questionbank.ibo.org/). This question bank
is used by all teachers that teach an IB course at this school. The bank provides IB-style
questions that are pulled from previous IB exams. It is purposeful in using questions from the IB
QuestionBank and that is to prepare the students for their end-of-course IB exams. The questions
are formatted the same way and the markscheme used to score each question is uniform in its
formatting (See Appendix D). The data of the numerical scores are important to help answer both
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research questions in that the scores earned on each warm up question can be directly linked to
student achievement and conceptual understanding. Students that can answer the questions
correctly are demonstrating a high level of student achievement. To address the level of
conceptual understanding, it is important to refer back to Chapter 2 and how the literature defines
this term. Conceptual understanding in mathematics education is defined as the comprehension
and knowledge of mathematical ideas, operations, and relations (National Research Council,
2001). According to this definition, if a student can demonstrate comprehension of mathematical
ideas, operations, and relations by consistently answering these IB questions correctly and
justifying his/her responses, it is reasonable to assume the student has obtained a high level of
conceptual understanding. In the literature published by IBO specific to creating assessment
questions, it states, “IB assesses student work as direct evidence of achievement against the
stated goals of the Diploma Programme” (IBO, 2021). Questions are purposefully and
specifically created to measure creative problem solving, analyzing information, constructing
arguments and justifying work, and retaining knowledge. These desired skills are directly related
to the IB mission and vision of the program. The purpose of the data collected was to connect
strategy of productive struggle to student achievement and conceptual understanding.
A secondary analysis of data was conducted using the responses from the student selfreporting survey (see Appendix C), which had three questions. The questions were designed
using the same language and characteristics from the Warshauer (2014) framework the
researcher used to code the students’ level of productive struggle. The main purpose of this
secondary analysis that aids in answering the research questions was to compare teacher
observation of productive struggle to student perceived level of productive struggle. Since the
researcher was observing students and rating them based on their level of productive struggle,
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this measure was put in place as a function of reliability and consistency. The researcher wanted
to address any major inconsistencies between student self-perceived struggle and the level of
productive struggle the researcher was observing. Discrepancies were addressed by the
researcher by watching the video recording, listening to the audio conversation, and re-visiting
the real-time observation notes to ensure accurate coding.
The third form of data collection was the numerical coding of productive struggle by
teacher observation. The researcher, who is also the observer, followed the process and
procedures outlined by Warshauer’s Productive Struggle Framework (2014). As the students
worked on the warm-up question, the teacher observed the level of productive struggle. To be
able to observe each person in the classroom equally and gain an accurate account of productive
struggle, the researcher focused on the conversations and activities of a single student or pair for
at least one minute, which is the same procedure Warshauer used to observe students (2014).
During this time, the teacher did not stop at groups to offer suggestions or answer questions. This
time was for students to be working in pairs or individually and the researcher was strictly
observing. If the researcher noticed instances of pairs or individuals struggling to the point of not
proceeding, the researcher offered a guiding prompt (Warshauer, 2014), and at no time did this
prompt lower the intended level of cognitive demand.
Because the amount of time allotted for each IB question differs, which is explained in
more detail below, the researcher recorded each session with both video and audio. If the
researcher was unable to observe a student or group of students during the time allotted, the
recording was watched a later time to be certain all individuals were observed and coded
appropriately. The camera was set up to face the classroom and record all students working. The
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student work was not able to be seen on video, however, the researcher collected the student
work to review and score once the time elapsed.
The level of productive struggle was coded and recorded by the researcher, using a
clipboard and a seating chart to ensure each student is coded during or after the observation. The
researcher took real-time notes during each observation. In addition, the recording was viewed
each session and audio conversations were listened to when necessary, so the researcher could
accurately code individuals not able to be observed in real time. The levels of productive struggle
were determined using three categories: Level 1, unproductive; Level 2, productive at a lower
level; Level 3, productive (Warshauer, 2014). In the table below, each level of productivity is
described in more detail.
Table 1
Coding Levels of Productive Struggle
Level

Description

Code

Level 1 - Unproductive

Student gives up, stops working, continues to be
confused, unable to figure out the end result, unable to
understand why a certain procedure should be used,
unable to make a connection to prior knowledge, little
to nothing is written down on paper
Student is actively working, but teacher or another
student offered suggestions or prompts to help student
make connections, simplified problem, or reduced
cognitive demand to guide student to answering the
question or finishing the task
Student is actively working during time allotted for
task or problem. Student is able to successfully
complete or answer question/task; even if student does
not reach final answer, student continued to engage in
problem, making progress at the intended level of
cognitive demand.

1

Level 2 – Productive at a
Low Level

Level 3 – Productive

2

3
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It is important to discuss how the timing of each question was connected to the coding of
productive struggle while students were working on IB questions. The time allotted for each IB
question is pre-determined by the IB markscheme that is used to score the problem. The amount
of marks the question is worth determines the number of minutes the problem should take to
complete. The researcher used a timer on the board to ensure the correct amount of minutes were
allocated for each question. Researcher also gave verbal time updates to students, when possible.
The fact that the questions were timed is a component of the International Baccalaureate (IB)
program; it is not a process outlined by Warshauer’s framework. When the students take their
official IB exam at the end of their second year of IB math, they will be given a specific amount
of time to take the exam, which more specifically breaks down each question into a finite amount
of time. The details of the timing of IB questions are discussed further in this chapter.
For purposes of ensuring the research questions were being answered with fidelity, the
researcher coded the cognitive demand level for each warm-up question given, also outlined in
the Warshauer Productive Struggle Framework (2014). Warshauer (2014) references the
Mathematical Tasks Framework (Stein & Smith, 1998), which is synthesized in Chapter 2, and
provides a set of levels to code questions given based on cognitive demand. The levels are
categorized as Level 1 – Memorization, Level 2 – Procedures without connections to concepts or
meaning, Level 3 – Procedures with connections, and Level 4 – Doing mathematics. The
reasoning of this was to be able to compare the level of productive struggle to the cognitive
demand required by a particular question. This aided the researcher in ensuring the IB questions
chosen for the students are challenging, but accessible, building on student prior knowledge and
not completely out of reach for the student (Warshauer, 2014).
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The following table outlines the timeline for the data collection. In addition, see
Appendix A, which gives an overview of the alignment of the research questions to the
instruments, and data analysis.
Table 2
Data Collection, Implementation & Intervention Timeline
Date

Instrument Implemented

Treatment

Weeks 1 – 2

2 IB Questions from Topic
3 given as Warm-ups

Specific time allotted
for productive
struggle

Weeks 3 – 4

2 IB Questions from Topic
3 given as Warm-ups

Specific time allotted
for productive
struggle

Weeks 5 – 6

2 IB Questions from Topic
3 given as Warm-ups

Specific time allotted
for productive
struggle

Weeks 7 – 8

2 IB Questions from Topic
4 given as Warm-ups

Specific time allotted
for productive
struggle

Weeks 9 – 10

2 IB Questions from Topic
4 given as Warm-ups

Specific time allotted
for productive
struggle

End of Week

7 IB Questions from Topics
3 – 4 given on Summative
Assessment

Individual work time

10

Instrument to
Measure Treatment
IB Markscheme &
teacher observation,
& student selfreporting survey
IB Markscheme &
teacher observation,
& student selfreporting survey
IB Markscheme &
teacher observation,
& student selfreporting survey
IB Markscheme &
teacher observation,
& student selfreporting survey
IB Markscheme &
teacher observation,
& student selfreporting survey
IB Markscheme &
teacher observation

Reliability & Validity
There were two outside instruments within this research study that were a critical part of
the data collection process; the IB warm-up questions and the student self-reporting survey. The
IB warm-up questions were selected from IB QuestionBank, which contains previous IB exams
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administered to students around the world. The questions come with markschemes that were
used to mark the specific exam the question came from by IB moderators who have been trained
to score these assessments to ensure reliability and validity in scoring (IBO, 2021). The
International Baccalaureate Organization explains the importance of reliability in marking exams
and safeguards against any bias during the marking process by the creation of their markschemes
(IBO, 2020). These markschemes offer exact procedures for scoring each step in a particular
problem so that there is very little, if any, subjectivity in marking an exam.
Official IB examiners who score the IB external assessments for students around the
globe each year are checked for validity in their marking each year by a moderation process in
which they must submit a sample of their scored assessments to be marked again by additional
IB moderators to certify the marks do not vary by more than two marks. Once these
markschemes are approved after the moderation process, they are released to be utilized by
classroom teachers with their students. These same markschemes were utilized by the researcher
when scoring warm-up questions. The researcher has attended a basic overview training on the
moderation process and is certified to score teacher-created classroom assessments with the
released markschemes.
The second instrument the researcher used in this study is a student self-reporting survey.
This survey was administered after each warm-up question to gain insight into the student’s
perceived level of productive struggle. The researcher did not find an established survey
instrument that measured the intended outcomes of this particular study. The researcher created
this qualitative survey consisting of three questions. The questions created for this survey were
specifically written to reflect the behaviors that model the levels of productive struggle
Warshauer (2014) refers to in her framework. Because the researcher created this self-reporting
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survey, no reliability or validity data exists on this particular instrument. However, in a study
which measured the reliability and validity of 21 different instruments specifically designed to
measure middle and high school engagement, motivation, and perseverance, it was found that the
self-reporting survey revealed significant correlations with achievement and other outcomes,
which demonstrated criterion validity (Fredericks et al., 2011). This reference to student
achievement relates directly back to one of the research questions in this study.
Data Analysis
The data analyzed came from the numerical coding of productive struggle from teacher
observation, the numerical scores on the warm-up questions, and numerical score on the
summative assessment. A secondary analysis was conducted using the responses from the
student on the self-reporting survey. Each warm-up question was analyzed to determine level of
cognitive demand (Stein & Smith, 1998). The teacher did not give any prompts during the
allotted time given for productive struggle that compromised the level of cognitive demand. The
coding of levels of productive struggle came from the Warshauer framework (2014).
Each data analysis was performed to directly answer a specific research question. To
answer the first research question, “To what extent is productive struggle associated with student
achievement in the International Baccalaureate mathematics classroom?”, the researcher
examined the association between the level of productive struggle observed and coded by the
teacher and the score on the warm-up question completed by the student. For one episode of
productive struggle, each student received one coding of a level of productive struggle and one
score on the warm up question, both from the teacher observing. As a secondary qualitative
analysis, the rating of the student self-reporting survey was analyzed against the coding from the
teacher observation. The warm-up questions were categorized by cognitive level of demand
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(CD) so that CD level 2 questions were compared to other questions at that same level, and so
on. The reason for doing this was to organize the data in a clear, concise manner and to compare
associations between CD levels.
To answer the second research question, “To what extent is productive struggle
associated with conceptual understanding in the International Baccalaureate mathematics
classroom?”, the researcher averaged the numerical level, 1 – 3, of productive struggle over all
ten observations for each student. This resulted in one average score of productive struggle for
all ten instances observed for each student. As seen in Table 2, the researcher observed 10
instances of PS for each of the 68 students participating in the study, for a total of 646 episodes
observed. The discrepancy in numbers is due to attendance. When a student was absent, there is
no data for that student on that particular day. The numerical average obtained from the 10
observations was intended to represent the average level of productive struggle for each student
over the data collection period.
To answer each research question, the researcher conducted a Pearson correlation for
each variable using the Statistical Package for the Social Sciences (SPSS) software. The Pearson
correlation was the most appropriate statistical test to run for this data, as it can directly compare
the correlation between each variable. The first set of variables measured were the level of
productive struggle for each warm up question and the score on the warm up question (see
Research question 1). The second set of variables include the average level of productive
struggle and the score on the end of course summative assessment (see Research question 2).
The end of course summative assessment is a teacher-created exam that covers all the material
seen in each of the warm-up questions given throughout the time-period of data collection. The
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null hypothesis and alternative hypothesis was set for each correlation test. Findings and
analyzation of results can be found in Chapter 4.
Validity of Interpretation & Trustworthiness
To ensure the interpretations of the results were valid, it was critical to put certain
measures in place during data collection and data analysis. First, the researcher recorded all ten
episodes of productive struggle using a camera that records both video and audio. The camera
was set up to observe all students in the classroom. As mentioned, one reason this was done was
to observe students that were unable to be observed properly during the time allotted for the
warm-up question. Secondly, the researcher asked another teacher in the mathematics
department to watch these recordings and code ten random students’ levels of productive
struggle to be compared against how the researcher has coded the same students’ levels of
productive struggle. Thirdly, the school instructional coach observed five different episodes of
productive struggle to code the students’ level of struggle and compare with the observer. Each
time the teacher or instructional coach observed the participants, the same coding process was
used that the researcher used, which is the Warshauer level of productive struggle coding from
her framework (2014). The plan was to record ten episodes and five observations from the
instructional coach, with the stipulation that this process would continue until the researcher, the
instructional coach, and the additional teacher reached a consistent coding of the level of 90%
agreement, which is the same inter-rater reliability consistency used by Warshauer (2014). The
consistent coding between researcher, teacher, and instructional coach was achieved to a 90%
agreement level within the fifteen planned observations.
The other piece of data collected that was critical for validity and trustworthiness is the
scoring of the IB warm-up questions. Although a strict markscheme is given for each question,
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there is still room for interpretation by the scorer. Due to this, the researcher asked the official
certified IB moderator within the school to score 20 IB warm-ups, chosen at random, to compare
to the teacher scoring of the same questions. This certified IB moderator has been trained, tested,
and selected to score IB tests around the world and is compensated for such by the IBO. Again,
the researcher and IB moderator planned to ensure consistency in scoring to a 90% consistency
level and this was achieved within the 20 chosen warm-up questions.
Limitations & Delimitations
This section discusses both the limitations and delimitations of this study. First, the
specific choices made by the researcher, the delimitations, are examined. Given the research
questions, it would be possible to approach this research through the lens of a true experimental
design, with a pretest-posttest control-group. In this case, a random selection of students would
be the participants and there would be two groups, one is the control group and one is the group
receiving the treatment, the treatment being the instructional strategy of productive struggle. It
would create a scenario where the research could be compared directly; one group is allotted
time for productive struggle and the control group is not. If the scores were to be statistically
significant in the group receiving the treatment, it would be more evident that the explanation for
the increase is the application of the treatment. There are fewer external influences to consider.
There are two reasons why this was not the chosen method and design. One, in the
current setting, it was not possible to randomly select participants. The students that were the
participants were already assigned to the teacher’s course. The schedule for the year was set and
the students were pre-assigned to a certain class block. Secondly, selecting one group to be the
control group that does not receive the treatment of productive struggle was not in the best
interest of those students. The act of productive struggle, as mentioned previously, is one of the
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Effective Mathematics Teaching Practices (NCTM, 2021), and to knowingly withhold this
practice from students was not ethical, nor was it fair for the students that have no choice in
which group they would have been assigned to.
The second point to mention is the use of teacher prompts during the time allotted for
productive struggle. Research shows it is critical for the teacher to help facilitate and guide the
students during a challenging warm-up question, without diminishing the level of cognitive
demand (Stein & Smith, 1998). The teacher planned to record each prompt that was given that
lowered the cognitive demand of the question and note that discrepancy within the results. This
particular scenario did not occur within the study, however, these delimitations are important to
consider, both ethically and as future implications for this research.
It is equally important to reference the limitations of this study. The second instrument
being used to measure productive struggle was a self-reporting survey, which was developed by
the researcher. This survey was used by the participants to self-report their own level of
productive struggle when completing a warm-up question. This self-reporting could lead to false
interpretations of data. Two factors could lead to reduced validity in this data; one factor is the
instance in which a participant is able to answer the warm-up question and does not require much
perseverance or productive struggle to work out a problem correctly. This particular participant
would rate themselves lower in perseverance and productive struggle on the self-rating scale, but
potentially answer the question correctly, thereby skewing the results of the analysis. Secondly, it
is possible the participants do not accurately rate themselves based on concern that the teacher
would be disappointed in their efforts. In this case, participants might rate themselves a high
level of productive struggle, but not have really put forth much effort or productive struggle into
the warm-up question. This scenario could also skew the results of the data analysis in that it

PRODUCTIVE STRUGGLE & STUDENT ACHIEVEMENT

51

would show high perseverance, but low accuracy on the assessment question. For these possible
scenarios, the teacher observation rating was beneficial component. The teacher was to compare
the observation result to the student self-report to remain mindful of any inconsistencies. Both
the limitations and delimitations of this study were acknowledged and further discussed during
the reporting of results and future implications.
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CHAPTER 4: FINDINGS
The findings were compiled from thirty singular observations of high school,
International Baccalaureate (IB) students working collaboratively or individually on a
specifically assigned warm-up question. The observations were both conducted in real-time and
video recorded for later in-depth examination. The data were collected across three IB classes of
students with between 20 – 28 students in each class, for a total of 68 students participating in
the study. Of the 68 total students, 47 of these students were labeled gifted and two are labeled
twice-exceptional (student who is gifted, but also hold an Individual Educational Plan for a
learning disability). Each student is in either 10th or 11th grade, with ages ranging between 15 –
17 years old. There were 36 males and 32 females. The data were assembled and compared as a
whole set of data to specifically address each research question.
There were three types of data collected in this research study. The first was the score the
individual student earned on each of the ten warm-up questions. Each warm-up question was
selected from the IB QuestionBank and is scored with an IB markscheme (see Chapter 2). The
warm-up questions utilized in this study ranged between three and eleven marks, depending on
the length and steps required to complete each question. Each score was converted to a
percentage of marks earned out of total marks possible. The second piece of data collected was
the level of productive struggle for each student. The Warshauer framework (2014) was used to
code each student’s level of productivity while working on the warm-up question, from a Level 1
(unproductive), Level 2 (somewhat productive), to a Level 3 (highly productive). The final data
component was the score on the summative assessment. This assessment contained a total of 55
marks and each student earned a percentage score based on the amount of marks earned on the
assessment. The scores ranged between a 65% and 100%.
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Data Descriptors
In order to encourage students to productively struggle, it was critical to select warm-up
questions that were an appropriate level of cognitive demand (Stein & Smith, 1998). Throughout
the process of data collection, the students were observed working on ten different questions.
Two of the questions were defined as a cognitive demand (CD) level 2 (procedures without
connection), five questions were a CD level 3 (procedures with meaning or connection), and
three questions were coded a CD level 4 (“doing mathematics”). No questions given were coded
a CD level 1 (memorization).
Before I started officially collecting data to include in my research, I completed several
practice rounds with my students. I found that when given questions that only require
memorization (CD level 1), it was very difficult to observe any meaningful productive struggle.
The students completed the question too quickly to observe any meaningful thought,
collaboration, or perseverance. In addition, I found that the highest average of productive
struggle occurred when given a question with a cognitive demand level of 4 and the content of
the question elicited student interest and curiosity to find the answer. In no scenarios did I need
to lower the level of cognitive demand due to answering a student question or giving directed
guidance. The following table gives an overview of the level of productive struggle (PS)
categorized by cognitive demand (CD) level for each question. Although a total of 68 students
participated in this study, there were certain days where students were absent, and therefore their
data is not included in the table below.
Table 3
Cognitive Level of Demand and Level of Productive Struggle by Question
Question

CD Level

# students at PS
Level 3

# students at PS
Level 2

# students at PS
Level 1
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Question 1

3

36(58%)

21(34%)

5(8%)

Question 2

3

28(41%)

24(35%)

16(24%)

Question 3

3

20(32%)

28(44%)

15(24%)

Question 4

4

52(76%)

14(21%)

2(3%)

Question 5

2

37(56%)

20(30%)

9(14%)

Question 6

3

25(40%)

29(46%)

9(14%)

Question 7

4

23(35%)

27(41%)

16(24%)

Question 8

4

25(40%)

25(40%)

13(20%)

Question 9

3

40(62%)

11(17%)

14(21%)

Question 10

2

25(40%)

13(20%)

25(40%)

Note: slight variance in totals due to student absences.
The figure below displays the number of student responses for each question. Again, there is a
slight variance in the total students participating for each question due to attendance.

Levels of Productive Struggle by Question
60
50
40
30
20
10
0
Q1

Q2

Q3

# students at PS Level 3

Q4

Q5

Q6

# students at PS Level 2

Q7

Q8

Q9

Q10

# students at PS Level 1

Figure 3. Number of students for each level of productive struggle per question.
Answer to Research Questions
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To specifically address and answer each research question, I compared each student’s
coded level of productive struggle to the score earned on the warm-up question. Furthermore, I
found the average of each student’s productive struggle over all ten episodes and compared the
average to the score the student earned on the summative course exam.
Research Question One
To what extent is productive struggle associated with student achievement in the International
Baccalaureate classroom?
To specifically answer this research question, I first grouped the data sets into three
groups by level of cognitive demand (CD) since the questions were not all coded the same level.
There were two questions that were coded a CD Level 2, five questions that were CD Level 3,
and three questions that were a CD Level 4. I ran three separate correlation tests with each set of
grouped data. Each data set was analyzed by comparing the student’s level of productive
struggle to the score earned on the respective warm-up question. To determine if a statistically
significant relationship existed between the two variables of productive struggle and student
achievement, I tested the correlation between level of productive struggle and score on the
warm-up question for each student.
Before running each correlation test, a hypothesis test was conducted. The first step in the
hypothesis test was to set the null and alternative hypothesis. The two variables for this test were
productive struggle, categorized by values of 1 – 3, and score earned on the warm-up question,
which were labeled by continuous values represented as a percentage from 0 – 100. For this
correlation test, the null hypothesis and alternative hypothesis are given below:

H 0 : no association between level of productive struggle and score earned on warm-up question
H : a positive association between productive struggle and score earned on warm-up question
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To show a positive association between the two variables and reject the null hypothesis, the plevel should be p < 0.05. Tables 4 – 6 gives the output from a bivariate Pearson correlation test
for each level of cognitive demand.
Table 4
Association between Productive Struggle and the Score on Level 2 Cognitive Demand Questions
Question

N

Pearson’s r

p-value (2-tailed)

Question 5

65

0.696

<.001

Question 10

63

0.926

<.001

Table 5
Association between Productive Struggle and the Score on Level 3 Cognitive Demand Questions
Question

N

Pearson’s r

p-value (2-tailed)

Question 1

62

0.794

<.001

Question 2

68

0.875

<.001

Question 3

64

0.783

<.001

Question 6

63

0.813

<.001

Question 9

62

0.868

<.001

Table 6
Association between Productive Struggle and the Score on Level 4 Cognitive Demand Questions
Question

N

Pearson’s r

p-value (2-tailed)

Question 4

67

0.830

<.001

Question 7

66

0.897

<.001
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64

0.950

57
<.001

These results show a positive correlation between the level of productive struggle and the
score earned on the warm-up question. Nine of the questions show a strong, positive correlations
greater than 0.780, while one question shows a weaker positive correlation, r(65) =.696, p<.001.
Question 10, which was a cognitive demand (CD) level of 2, shows the highest number of
students coded at a PS level 1. Question 4, which was a CD level of 4, shows the highest number
of students coded at a PS level 3. All significance values are p < 0.05 which would allow the
null hypothesis to be rejected. These findings reveal there is a significant association between
level of productive struggle and the score a student earns on a warm-up question.
Research Question Two
To what extent is productive struggle associated with conceptual understanding in the
International Baccalaureate mathematics classroom?
To specifically address this question, I found the average productive struggle from all ten
warm-up questions for each student and compared it to the score each student earned on the
summative assessment. As previously explained in Chapter 2, an IB student’s conceptual
knowledge and mastery of content is measured by two summative course assessments. One is an
internal assessment, which is a mathematical exploration paper researched and written by the
student. The second is an external standardized assessment given to all IB students, created by IB
moderators and designed to measure conceptual knowledge and understanding of the topics in
the IB course. The summative assessment given in this study was modeled after the external
assessment. The questions were selected from the IB QuestionBank, which contains previous
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external assessment exam questions for teachers to use on IB assessments. The questions were
selected to match the content covered on the ten warm-up questions given as a part of this study.
To determine if productive struggle has a positive impact on conceptual understanding, I
tested the correlation between the average level of productive struggle over ten observations and
the score earned on the summative assessment for each student. Before running each correlation
test, a hypothesis test was conducted. The first step in the hypothesis test was to set the null and
alternative hypothesis. The two variables for this test are productive struggle, categorized by
values of 1 – 3, and score earned on the summative assessment, which were labeled by
continuous values represented as a percentage from 0 – 100. For this correlation test, the null
hypothesis and alternative hypothesis are given below:

H 0 : no association between average level of productive struggle and score earned on the
summative assessment

H : a positive association between average level of productive struggle and score earned on the
summative assessment
To show a positive association between the two variables and reject the null hypothesis, the plevel should be p < 0.05. Table 7 gives the output from a bivariate Pearson correlation test
comparing average level of productive struggle to score earned on summative assessment, by
student.
Table 7
Correlation for Average Level of Productive Struggle and Score on Summative Assessment
Students

N

Pearson Correlation

Significance (2-tailed)

Summative
Assessment

65

0.622

<.001
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These results show a positive correlation between the level of productive struggle and the
score earned on the summative assessment. The significance value is p < 0.05 which would
allow the null hypothesis to be rejected. These findings reveal there is a significant association
between level of productive struggle and the score a student earned on the summative
assessment.
Secondary Analysis
As previously mentioned, the students completed a self-reporting survey after completing
each warm-question. The qualitative survey data was coded individually and was also used to
provide additional evidence of students’ productive struggle when the observation coding was
inconclusive. There were three components of the self-reporting survey, each one tied to the
framework used to code productive struggle (Warshauer, 2014). The three elements of the survey
included effort level, time limit, and prior knowledge (see Appendix C).
When the students answered the survey questions, the 57 of the 68 students (84%)
responded with A for each question. The self-reported response of A for each component would
correspond to a productive struggle level of 3, a response of B would correspond to a productive
struggle level of 2 and a C a productive struggle level of 1. There were 112 cases where students
self-reported different levels of productive struggle; for instance, a response of A (PS level 3) for
prior knowledge, response of B (PS level 2) for effort level, and a response of B (PS level 2) for
time limit. In these cases, I would look at the number of each response. If a student self-reported
two responses at level 3 and one at level 2, I coded that response as a level 3 overall. If a student
reported one level 3 and two at a level 2, then I viewed that response as an overall level 2. When
I noticed a discrepancy between the level I observed and the level reported by the student, I
reviewed the video recording, audio recording, and real-time observation notes once again, and
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as the researcher, I made the final decision on the level of PS. The table below gives a detailed
description of how the students self-reported their own perceived levels of productive struggle
and how I coded ultimately coded each student.
Table 8
Comparison between Teachers and Students Self-reporting Survey
Question

Level 3 PS

Level 2 PS

Level 1 PS

(Response A)

(Response B)

(Response C)

Student

Researcher

Student

Student

Reported

Observation Reported

Researcher

Researcher

Observation Reported Observation

Q1 (CD3)

48(77%)

36(58%)

13(21%)

21(34%)

1(2%)

5(8%)

Q2 (CD3)

45(67%)

28(41%)

18(26%)

24(35%)

5(7%)

16(24%)

Q3 (CD3)

50(79%)

20(32%)

9(15%)

28(44%)

4(6%)

15(24%)

Q4 (CD4)

62(91%)

52(76%)

6(9%)

14(21%)

0(0%)

2(3%)

Q5 (CD2)

55(83%)

37(56%)

7(11%)

20(30%)

4(6%)

9(14%)

Q6 (CD3)

56(89%)

25(40%)

4(6%)

29(46%)

3(5%)

9(14%)

Q7 (CD4)

58(92%)

23(35%)

2(3%)

27(41%)

3(5%)

16(24%)

Q8 (CD4)

50(79%)

25(40%)

8(13%)

25(40%)

5(8%)

13(20%)

Q9 (CD3)

56(86%)

40(62%)

7(11%)

11(17%)

2(3%)

14(21%)

Q10 (CD2)

54(86%)

25(40%)

2(3%)

13(20%)

7(11%)

25(40%)

Total (n=646)

534(83%)

311(48%)

76(12%)

212(33%)

34(5%)

124(19%)

This data shows the students self-reported higher levels of productive struggle that I
observed as the researcher. Recall, the average level of observed and coded productive struggle
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across the ten warm-up questions for all 68 students was 2.27. The average of the reported level
of productive struggle for the ten warm-up questions perceived by the 68 students was 2.77. The
students reported a difference in level of PS 22% higher than what I coded the students. When I
analyzed the student survey results by each question on the survey, I noticed similar trends.
When students were asked about effort level, 90% of students responded that they were actively
working and were able to fully answer the question to the best of their ability. When asked about
the time limit of the question, 88% answered that time was not an issue and when asked the final
question about level of prior knowledge, 73% responded that their prior knowledge helped them
build connections and engage until an answer was obtained. However, only 48% were coded as
PS level 3. This could be due to a number of factors that are discussed further in the next chapter.
The figures below give a visual breakdown of each component in the survey and the results
stated Table 8 above.

2%

Effort Level
8%

Time Limit
3%

Prior Knowledge
3%

9%
24%

A

B

73%

88%

90%

C

Figure 4. Self-reporting survey
regarding student perceived
effort level

A

B

C

Figure 5. Self-reporting survey
regarding student feelings about
question time limit

A

B

C

Figure 6. Self-reporting survey
regarding student perceived
prior knowledge about each
warm-up question

Recall from Table 8, I compared students’ self-reported data to my observed level of
productive struggle over all ten questions and found an average of 83% of the students reported a
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self-perceived PS level 3 in each of the areas (prior knowledge, effort level, and time limit). Of
that 83% of students, 98% of those earned full marks on the corresponding warm-up question.
The previous data reveals that the students who felt they were actively working to the best of
their ability, had plenty of time to answer the question fully, and were able to rely on prior
knowledge to make connections and engage in the question to reach an answer, were able to
score a perfect score on the warm-up question on 98% of all episodes observed in this study.
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CHAPTER FIVE: DISCUSSION, CONCLUSION, IMPLICATIONS
Discussion of Findings
The purpose of the first research question was to determine if productive struggle would
increase student achievement. (To what extent is productive struggle associated with student
achievement in the International Baccalaureate classroom?) Because this study was conducted
in the International Baccalaureate (IB) classroom, my definition of student achievement came
directly from the IB literature. IB considers a student’s assessment scores to be a direct reflection
of their achievement and mastery of content (IBO, 2021). To earn the IB diploma, students must
demonstrate their understanding on the external (standardized, written assessment) and an
internal (math exploration paper) assessment. The external assessment is compiled of questions
similar to the warm-up questions my students completed as a part of this research study. IB
considers a score of a 4 (80%) to be proficient and therefore, students would achieve the diploma
with scores of 4 in each of their content areas. My goal was to establish if a higher level of
productive struggle would lead to a higher score on a warm-up question, and therefore lead to a
higher level of student achievement on the summative assessment.
The students were observed while working on ten different warm-up questions (see
Appendix F) at varying levels of cognitive demand (CD). The data was grouped and analyzed by
level of CD. I found questions 5 and 10, which were the CD level 2 questions (procedural
questions that do not require connection) had the most extreme correlation values out of the ten
warm-up questions. When comparing all ten warm-up questions, question 5 had the weakest
level of correlation, 0.696 and question 10 had the strongest correlation, r(63)=.926, p<.001. The
fact that the minimum and maximum correlation values came from only two CD level 2
questions is a significant finding within this study because it validates the importance of
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selecting challenging tasks for students to elicit productive struggle (Livy et al., 2018). A factor
that could lead to a weaker correlation in question 5 is that the students found this question to be
simple and straightforward and were able to complete the question quickly. Due to the short
period of time students took to complete the question, I found it difficult to code students, even
after observing in real-time, watching video recording, and listening to the audio conversations. I
believe this led to a weaker correlation between productive struggle and score on the warm-up
question. Question 10 was the only other question at a CD level 2, and this question showed the
strongest correlation with level of PS. Additionally, this question showed the highest number of
students who were coded unproductive. This could be due to an idea mentioned in the literature
referred to as passive success (Warshauer, 2014). Although the student may have completed the
question correctly, the CD level was low and removed the struggle, therefore coding the student
unproductive.
The goal for the second research question was to address more of an over-arching view of
productive struggle and its influence on conceptual understanding. (To what extent is productive
struggle associated with conceptual understanding in the International Baccalaureate
mathematics classroom?) Although this was not found in prior research studies, I chose to take
an average of each student’s coded level of productive struggle over all ten warm-up questions
and compare it to the overall average the student earned on the summative assessment. I ran a
Pearson correlation between the two variables of average productive struggle and the score on
the summative assessment. As previously explained, the summative assessment covered the
same content that the warm-up questions addressed. There were seven total questions on the
summative assessment; all seven questions were a cognitive demand level of 3 (procedures that
require connections and/or meaning).
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The correlation between the two variables showed a positive association between level of
productive struggle and score on the summative assessment. Pearson’s r (0.622) showed a
slightly weaker correlation than when directly comparing the ten warm-up questions to the
corresponding episodes of productive struggle (0.696 < r < 0.950), as when addressing research
question one. Again, the weaker correlation value could be due to two factors. The first factor is
the fact that I used the average level of productive struggle (PS) for each student. This means that
while a high level of PS showed a strong, positive association to a high score on a warm-up
question, the students did not exhibit the same level of PS on each question. Each student
showed varying levels of PS throughout the ten warm-up questions, nor did the students get
every question right or every question wrong. Therefore, as previously demonstrated in the data
analysis, many students demonstrated a high level of PS on a certain warm-up question and also
scored well on that question, leading to the strong, positive association between the two
variables. However, those same students also demonstrated low levels of PS and then scored low
on the warm-up question, also leading to a strong, positive correlation. However, when
averaging a single student’s PS across all ten questions, the average takes into account both the
lower levels of PS and the higher levels of PS to compute the average. This was compared to a
singular score on the summative assessment. The average was not compared to each question
individually on the assessment. Students could have exhibited high levels of PS on certain
questions, and scored well on those particular questions, but this measurement does not take that
into account.
The second factor leading to a weaker association between average productive struggle
and score on the summative assessment is the fact that this assessment contained seven questions
for students to complete in one sitting, rather that students working on one question at a time.

PRODUCTIVE STRUGGLE & STUDENT ACHIEVEMENT

66

This could have caused students with a high average of productive struggle to score lower on the
assessment than they scored on the individual warm-ups during class, due to the fact that there
was much more content included on this summative assessment. Furthermore, the students were
able to collaborate and discuss each warm-up question, however when taking the assessment, it
was completely individual. Although only 8% of the students reported in the survey that they had
to ask their peers for help to proceed with the question, part of the struggle being productive is
the collaboration, discourse, and discussion of the warm-up question that helped lead to
successful completion of the task (Warshauer, 2014).
Relationship of findings to previous literature
The two major frameworks referenced in this study were levels of productive struggle
(Warshauer, 2014) and levels of cognitive demand (Stein & Smith, 1998). When analyzing my
results, I felt the nature of these findings aligned with these two frameworks. Warshauer noted
several patterns within her research that were also noticeable in this study. One pattern that was
consistent with the Warshauer framework is that the level of cognitive demand appears to
influence how the teacher selects the task or problem in which to elicit productive struggle. As
previously mentioned, when I was practicing collecting data with my students, I found cognitive
demand (CD) level 1 questions (memorization) did not elicit an observable level of productive
struggle. Students were able to complete these type of questions too quickly and too easily to
observe the characteristics appropriate to code a level of somewhat productive or highly
productive. These findings are likewise consistent with the Stein & Smith framework which
suggests that if the goal is to teach students to critically think and reason through tasks or
problems, then the tasks presented to them should be challenging enough to elicit this type of
thinking (1998).
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The National Council of Teachers of Mathematics (NCTM) urges teachers to utilize
effective mathematical practices; supporting productive struggle in learning mathematics is an
encouraged effective practice. Even with this educational support, students and teachers can be
reluctant to participate and engage in productive struggle (DiNapoli, 2019). With appropriate
training, teachers could feel more comfortable implementing this practice. However, one of the
things I found to engage students in productive struggle, aside from appropriate level of
cognitive demand, is meaningful, purposeful time to complete the task. This finding is consistent
with the research conducted by Kapur in 2009. He found that providing consistent opportunities
with focused time to persevere and struggle through a task created greater learning gains than
when students were not offered focused time to struggle (2009). I found similar results within
this study. Of the three questions on the student self-reporting survey, one was regarding time
limit. Eighty-eight percent of students reported they felt they were given an appropriate amount
of time to address the question and were actively working during the time period. Of the 88% of
students who reported they felt they had appropriate time to answer the question, I found 98% of
these students scored full marks on the corresponding question.
It is important to relate the literature from the International Baccalaureate program (IB) to
the findings within this study. Recall from Chapter 2, the IB program considers a student
successful and deserving of the diploma if they demonstrate mastery and knowledge of content
through performance on the two end-of-course assessments (IBO, 2021). In order to demonstrate
mastery of content, students must score at least a proficient score of a 4 on each of their six IB
course exams. For classroom teachers, a 4 on an IB assessment equates to an 80% for a
numerical classroom grade (Note: IB allows, through an approval process, each individual
school to create percentage scaled scores for the 1 – 7 IB grading scale to calculate classroom
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grades on a 0 – 100 grading scale). The average overall score on the summative assessment was
an 83%, which is above the level considered proficient. From an IB definition, the students in
this study demonstrated a proficient level of knowledge on this assessment. For comparison, the
overall average level of productive struggle (PS) across all ten questions given to 68 students
participating the in study was 2.38. This level of PS falls between somewhat and highly
productive. Recall there was a significant, positive correlation (r = 0.622, p<0.001) between the
overall average PS and the average score on the summative assessment which suggests that
somewhat to highly productive struggle could lead to a proficient or better score on an
assessment. Encouraging students to engage in productive struggle was a consistent practice that
was a part of almost every lesson leading up to this assessment. When preparing for the other
eight assessments this year, productive struggle was not a consistent practice. Although this does
not imply causation with certainty, it is a significant point of data to share with other teachers in
my department.
Limitations of Findings
When analyzing the results and comparing to previous literature, I found there are four
limitations to this study. The first centers around the nature of the act of productive struggle. As
defined in Chapter 1, engaging students in productive struggle is providing students with the
meaningful, focused opportunities to collaborate and grapple with mathematical concepts and
tasks. The students participating in my research study were informed of the study and actively
chose to be a part of the study, knowing the goals and aims of my proposed research. As I
observed, the students were aware of me observing, and most of my students are not only
compliant, but seek my approval. Some even commented they were “struggling to find the
answer” or asked me if I was proud they were able to actively work the entire time given to
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complete the warm-up question. When observing, it was hard to tell if the students were actually
actively struggling to work toward a correct answer or going through the motions of what they
thought I would want to see. In qualitative research, this is referred to as the Hawthorne effect
(Sedgewick & Greenwood, 2015). To discourage this behavior, I thoroughly explained the goals
of this research and ensured the students understood that their coded level of productive struggle
would have zero effect on their classroom grade.
The second limitation is related to the population of students in which I chose to research.
The students in this class are veterans of challenging, rigorous courses. For students to be
enrolled in my course, they were required to take two prerequisite courses of equal rigor. The
students are well aware of the difficulty of the course and in order to continue to be successful on
the math pathway, would need to have developed some level of work ethic, study skills, and selfmotivation. Research has shown certain personality traits, such as self-regulatory behavior and
motivation, are associated with gifted students (Sakhavat et al., 2018). Of the 68 students that
participated in this study, 47 (70%) are labeled gifted and are enrolled in all honors/advanced
courses. The population itself is not a limitation; the fact that the study was not conducted with
an intellectually diverse group of participants is a limitation in that the results cannot be
generalized over the population of the entire collection of students enrolled in mathematics
courses in this school.
The third limitation relates directly to the percent of gifted students participating in the
study. Although a student who is labeled gifted doesn’t necessary demonstrate academic
excellence in all courses, in my experience I have seen above-average academic performance
from gifted students. This is mainly because in order for these students to be placed in
advanced/honors courses, they would need to demonstrate a certain level of academic
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achievement, higher than those in on-level courses. Therefore, it is difficult to claim with
certainty that the correlation of productive struggle to scores on a warm-up question means the
students in this study performed well solely due to the opportunity to productively struggle. As
previously mentioned, research has shown specific personality traits can be connected to highachieving students. Traits such as conscientiousness and motivation are two that have shown to
have positive effects on academic performance (Sakhavat, 2018). It is possible that highachieving students would perform well on mathematics tasks due to innate qualities of their
personality, and not because they were given the opportunity to productively struggle. However,
whether or not a student is achieving due to intrinsic motivation or the implementation of
productive struggle, the positive correlation shown between student achievement and productive
struggle from this study, coupled with the NCTM’s recommendation to implement productive
struggle as an effective mathematics teaching practice are two reasons teachers should employ
the strategy of productive struggle in their classrooms.
Lastly, the fourth limitation is the lack of variance within the coding of students for the
levels of productive struggle. I chose to use the Warshauer framework to code the levels of
productive struggle as I observed my students. This framework defines the levels of productive
struggle as level 1 (unproductive), level 2 (somewhat productive), and level 3 (highly
productive). As I observed and coded students, in some cases I found it hard to be limited to only
three levels of struggle, without the option to code a half level. In some instances, I felt that
students were in between two levels, especially as I scored the warm-up questions. For instance,
as I observed I would see a student exhibiting the characteristics of a productive struggle (PS)
level 3 (highly productive), however, when grading their warm-up question, the response shown
did not demonstrate highly productive work. In that case, it would have made sense to me to
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code that student a level 2.5 to account for the lack of quality in the written work. Warshauer
(2014) considered a student to be a high level of productive struggle if the student successfully
completed the task or continued to engage the entire length of the time given to complete the
task, therefore, I did the same when coding my students. With video recording, audio recording,
real-time observation notes, and the consistency in coding with my academic coach (see Chapter
3), I believe I was able to accurately code the students’ behavior given the current structure of
the coding process. After conducting this study, I found the use of non-continuous values to code
students’ level of productive struggle to be a limitation. I believe a more fluent coding process,
allowing for the observer to code values in between whole number values (ie: 1.5 or 2.5) could
create more depth in the statistical analysis.
Implications for Future Practice in Local Context
There are three implications for future practice in my local context. The first implication
is that selecting appropriate challenging tasks, specifically tasks/questions at a cognitive demand
level 4, aids in engaging students in productive struggle. The data that supports this implication
comes from the findings in research question one, which show a strong, positive correlation
between level of productive struggle and score on the warm-up question. This is a significant
finding for mathematics educators at my school as it links a research-based instructional strategy
to student academic performance. The weakest correlation was 0.696 on a correlation taken
between a cognitive demand (CD) level 2 question and level of productive struggle and the
strongest correlation, 0.950, was found performing that same correlation, but on a CD level 4
question. The rest of the correlation values fall between 0.696 and 0.950, which also show
strong, positive association.

PRODUCTIVE STRUGGLE & STUDENT ACHIEVEMENT

72

This strong, positive association between the variables indicates that a high level of
productive struggle is associated with a high score on a warm-up question. In the IB program,
student achievement is directly linked to student performance (see Chapter 2), and therefore
these results should be significant enough to encourage the practice of productive struggle as a
best practice in our mathematics classrooms. Even more significantly, the CD level 4 (“doing
mathematics”) questions showed the highest overall correlation between productive struggle and
score on the warm-up question. This reinforces the notion that selecting appropriately
challenging tasks and problems is a critical part of eliciting productive struggle from students
(Stein & Smith, 1998; Livy et al., 2018; DiNapoli, 2019; Lemley et al., 2019). The findings from
this study and the previous research mentioned should encourage teachers teaching mathematics
at this school to thoughtfully select suitably challenging problems and tasks, and in order to
implement the practice of productive struggle.
The second implication is that teachers should carefully and meaningfully plan for
consistent implementation of productive struggle as an instructional strategy used in their
classrooms. As previously mentioned, the NCTM has included productive struggle in its list of
eight effective mathematical teaching practices (NCTM, 2021). However, research has shown
educators are hesitant to incorporate productive struggle as a consistent, pervasive practice in
their teaching (DiNapoli & Marzocchi, 2017). The findings in this research study suggest that
teachers teaching mathematics at this school, regardless of level, should plan consistent,
structured opportunities for students to engage in productive struggle. Specifically, these
structured opportunities could include the use of warm-up questions, as in this study,
mathematics application problems (Kapur, 2009), and/or complex tasks that elicit curiosity and
risk-taking (Livy et al., 2018). Research has shown that when productive struggle is implemented
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with fidelity, this mathematical practice is essential and equitable for all learners and not only
support, but deepen the learning of mathematics (NCTM, 2021).
The third implication is that mathematics teachers at my school should receive training
and/or professional development to learn to effectively implement productive struggle into their
classrooms. Furthermore, teachers should be able to educate students on what productive
struggle looks like and why it is a significant strategy for learning. Results revealed was a
difference between how I coded my students’ levels of PS and how the students reported their
own levels of PS. Due to this discrepancy, it is important, in order to implement this practice
with effectiveness, professional training is necessary. Once teachers feel comfortable
implementing this practice, they can coach their students on the effective ways to engage in
productive struggle. In this study, productive struggle was associated with positive student
achievement. My study illustrates what this practice looks like in IB classrooms, however, given
the recommendations of the NCTM and the fact that this is considered an essential and equitable
practice for all students (NCTM, 2021), this is an important finding for all levels of math
classrooms. Our academic coach provides training, modeling, and coaching to teachers in our
department, therefore, this would be an excellent resource for teachers in our department to
request and utilize.

Implications for Future Research
There are two implications for future research in the field of productive struggle. The first
implication is there is lack of studies that focus on quantitative data directly comparing
productive struggle and its impact on student performance and therefore, additional studies in
this area are needed. There are numerous qualitative studies that focus on the teacher behavior
that elicits and supports productive struggle from the student (Warshauer, 2014; Kapur, 2009;
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Zeybek 2016, DiNapoli, 2019). However, I did not find a study that concentrated on student
engagement in productive struggle and whether it directly affects student performance and/or
conceptual understanding. In addition, there are few studies conducted in the high school setting,
where most I found were performed in the middle school and elementary setting. Research has
shown that the by engaging students in productive struggle, we are giving students the
opportunity to “grapple” with mathematical ideas and concepts (NCTM, 2021), and through the
struggle, students will develop problem-solving and critical-thinking skills which are necessary
components of mathematical learning and understanding (Warshauer, 2014). However, the field
lacks the data that proves the direct association between high levels of productive struggle and
high achievement and furthermore, the association between productive struggle and increased
problem-solving and critical-thinking skills.
Not only does the field lack research in high school settings, but more specifically, no
research studies comparing productive struggle to student achievement were found to be
conducted in an IB classroom, as this research was. Further research in the IB and advancedlevel classrooms could help improve teachers’ instruction and therefore, generate a positive
impact on their students. Recall from Chapter 2, there are fewer studies surrounding productive
struggle in the secondary classrooms, the majority in middle and elementary settings. The goal of
the IB program is to build life-long learners who thrive and make a difference (IBO, 2021). In
order to be successful in the IB program and achieve the IB diploma, students must score
appropriately on the IB assessments. As IB educators, it is our job to provide opportunities for
the students to be successful with the content and should incorporate practices, ie: productive
struggle, in our classrooms that elicit student achievement.
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The second implication relates to the relationship between giftedness, productive
struggle, and student achievement. Although 46 of my 68 students are labeled gifted, I did not
categorize my results by analyzing that specific group of students. I did not do this because the
categorization was not directly related to answering my research question. However, I did feel
this data point was a limitation in the study in that it is difficult to directly associate the practice
of productive struggle to student performance, when a gifted student has been highly achieving
for several years. To even be labeled gifted, students must perform at a higher level than their
peers on several standardized tests. Would gifted students find a way to achieve, no matter the
best practices, such as productive struggle, put in place by the teacher? Further research that
compares the student performance of gifted students and non-gifted students, with the consistent
practice of productive struggle, could help answer this question.
Researcher Comments
The reason I began my initial research is because I became frustrated in the way I felt my
students were responding to challenging questions. For the past eleven years, I have taught
gifted, advanced, honors, and IB courses. In the past few years, I have noticed a trend in students
to give up on a problem or task if they do not immediately know the answer and wait for me to
go over the problem with them. I wanted to know why this was happening. Was it because I was
not giving them enough time to think about the problem and giving the answer too quickly? Was
it because they cared more about getting the answer correct than learning the material? Am I
giving them tasks and problems that are too simple or too difficult? I realize I can’t control the
intrinsic motivation of a student, but I can control the opportunities I give students to collaborate,
discuss, and think about challenging tasks.
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As teachers, how often have we heard the question, “when am I going to use this in real
life?”? I used to give multiple examples to this question: “matrices are significant in graph theory
and animation!” or “imaginary numbers are critical in electrical engineering and aerospace
science!”. Although those answers are valid and correct and I will continue to pull real-world
applications for my students and focus on rigorous relevancy in my instruction, I have learned
through this study there is another sufficient answer to those questions. Providing students with
opportunities to productively struggle has shown to build critical-thinking and problem-solving
(Betts & Rosenberg, 2016). I believe another way to answer their question is with, “you will use
this in real-life the next time you have to overcome a challenge. You are learning to learn!” This
might be met with rolled eyes, but I believe building critical-thinking and problem-solving skills
are intangible characteristics that can aid students in all facets of life. While they may not ever
need to solve a logarithmic equation again, they will need to reason through tough situations at
their job or solve problems they have never seen before in a college classroom. If they feel
comfortable productively struggling, maybe that is a tool they can use to be successful in the
future.
I learned many valuable lessons during this process, not only from the findings of my
research, but about myself as an educator. The main takeaway for me from this process is that to
encourage my students to engage in productive struggle, they need focused, structured time.
They need me to wait, and to be quiet, and to let them reason through the task. This is difficult
for me! I enjoy participating, teaching, and engaging with my students, especially on difficult,
challenging, and unique application problems or tasks. I want to share my enthusiasm for the
topic and I can’t wait to show them why a problem works out a certain way or how it connects to
a previous concept we’ve learned together. I learned that being quiet, and truly listening during
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the struggle process is extremely beneficial, not only for the students to be able to reason through
and explore the ideas on their own, but to make them comfortable by feeling like I am not
grading or judging their reasoning process. By listening and observing, I was able to gain
valuable insight into how they are approaching the task, about how they explain ideas and
concepts to each other, and, most importantly, how I can scaffold or differentiate the task once
we are back together in a whole group instruction setting. I can’t be the one that always reveals
the magic trick; by discovering the ideas and concepts on their own, they are productively
struggling toward student achievement and conceptual understanding.
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Appendices
Appendix A
Alignment Table of Research Questions, Variables and Instruments Info, and Data Analysis in Quantitative Research
Research Question

Key Variables

Source of Instrument of
Key Variables

Sample Items &
Reliability

Scale

Measurement Type

To what extent is
productive struggle
associated with student
math achievement in the
International
Baccalaureate Program?

Productive Struggle

Student self-reporting
survey, teacher
observation

I was actively working
and was able to fully
answer the question to
the best of my ability.

3 Levels, 3
Questions

Continuous
Interval

Proposed Data
Analysis
Approach
Pearson
correlations

Student achievement

IB warm-up question

Using the following
weather data, write a
sine & cosine
equation and use
your equation to
predict future
weather patterns.

Numerical,
(different
amounts of
marks for each
question
ranging 0 – 11)

To what extent is
productive struggle
associate with conceptual
understanding in the
International
Baccalaureate classroom?

Productive Struggle,

Teacher observation

Level of productive
struggle

3 Levels

Continuous
Interval

Pearson
correlations

Conceptual
Understanding

IB Summative Exam

Celese wishes to hire a
taxicab from a
company. Taxis are
randomly assigned.
The probability that
the taxi is yellow is
0.4. The probability
that the taxi is a Fiat is
0.3. The probability
that the taxi is yellow
or a Fiat is 0.6. Find
the probability that the
taxi hired by Celeste is
not a yellow Fiat.

IB scale 1 – 7
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Appendix B
Example Standard with Theory of Knowledge Connection
Below is an example standard within the IB curriculum. Most standards within each IB course are paired with connections to the
Theory of Knowledge class, discussed in Chapter 2. This is an example to demonstrate the added components of the IB requirements
and curriculum and what students enrolled in this program should be able to do to earn a diploma.

PRODUCTIVE STRUGGLE & STUDENT ACHIEVEMENT

86

Appendix C
Self-Reporting Survey for Students
The self-reporting survey was given to students to understand the level of productive struggle that was put into the warm-up question
of the day.
Please consider these three components of our warm-up today and select the response that best represents your actions:
1) Effort Level:
A: I was actively working and was able to fully answer the question to the best of my ability
B: I was actively working, but I had to ask my peers or the teacher for help to proceed through one or more steps of the problem
C: I fully intended to answer the question, but had to stop working because I was unable to figure out how to proceed.
2) Time Limit
A- time was not an issue for this question, I had plenty of time to answer the question.
B - if I had more time, I would have been able to find the answer
C - I stopped working before time was up because I was unsure how to proceed
3) Prior Knowledge
A: My prior knowledge helped me to make connections and engage in the question until I reached an answer
B: I recall learning material that relates to this topic, but I had to ask my peers or teacher for clarification to help me proceed because I
cannot fully connect this topic to what I have learned in the past
C: I do not feel I had sufficient prior knowledge to complete this question
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Appendix D
Example IB Assessment Question & Grading Markscheme
These questions came from a restricted access IB QuestionBank for IB teachers. This question bank houses questions for teachers to
select questions for classroom purposes. The questions were pulled from previous IB exams. The question bank holds thousands of
questions for teachers to select questions from. In this study, questions were pulled for warm-ups and for classroom summative
assessments. The questions were coded by IB for teachers to select appropriate questions. The coding informs the teachers if the
question requires a calculator, what topic the question is pulled from, and which exam date the question comes from. In addition, a
markscheme is provided for grading purposes, so that the teacher grading the question can grade each student’s question with an
objective grading scheme.
Example Question & Markscheme
In the question to the right, the [2]
next to each part of the question
signifies the number of marks each
part is worth. This lets students know
they should take about 2 minutes per
part, for a total of 6 minutes on the
question. Below in the markscheme,
each part is broken down by how the
question should be solved to award
the appropriate marks.
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To the left is the markscheme for the IB problem above. The
first part of (ai) is describing that a student should show a
valid approach to solving the problem. The marking M1 stands
for method, 1 point. An example valid approach (or method) is
shown. If the student shows the arithmetic in a different order,
that is acceptable, as long as the student shows an approach
and does not only give an answer. The student will receive 1
mark for the correct approach (M1) and 1 mark for the correct
answer (A1). The notation N2, means no marks if the answer
is not correct. This is the total of 2 marks for part ai.
For the second part (aii), again the student should show the
appropriate set up to the question. The marking (M1) refers to
a method mark, which means an appropriate approach or
method to solve. The second mark, A1, refers to 1 mark for the
correct answer. Again, N2 means the student will receive 0
marks for the correct answer.
Part b, again shows a valid approach (M1) and the correct
answer, (A1). A student will not receive any marks for the
wrong answer.
This one question is worth a total of 6 marks.

Appendix E
Marietta City Schools Research Study
Parental Consent Form
My signature below indicates that I have read the information provided and have decided to allow my
child to participate in the study titled The Association between Productive Struggle and Student
Achievement in the IB Classroom to be conducted at my child’s school between the dates of January
and May, 2022. I understand that the signature of the principal and classroom teacher indicates they
have agreed to participate in this research project.
I understand the purpose of the research project will be to examine the data collected regarding
productive struggle and measure its significance related to student achievement and conceptual
understanding in a secondary mathematics classroom. Furthermore, it is the goal of this research to
develop students’ critical thinking and problem-solving skills through the use of productive struggle as an
instructional strategy.
My child will participate in the following manner:
1. Complete an IB warm-up question each day of a new lesson
2. Complete a self-reporting survey to indicate the level of effort put forth during the warm-up
Potential benefits of the study are:
1. Increased problem-solving and critical thinking skills
2. Meaningful opportunities to collaborate and discuss mathematical topics with peers
I agree to the following conditions with the understanding that I can withdraw my child from the
study at any time should I choose to discontinue participation.







The identity of participants will be protected, no student names or student ID numbers will be published
with data analysis.
Information gathered during the course of the project will become part of the data analysis and may
contribute to published research reports and presentations.
Part of data collection and analysis will include video and audio recording. The purpose of the
recording is to be able to collect any data unable to be observed during class instruction.
There are no foreseeable inconveniences or risks involved to my child participating in the
study.
Participation in the study is voluntary and will not affect either student grade or placement decisions. If I
decide to withdraw permission after the study begins, I will notify the school of my decision.

If further information is needed regarding the research study, I can contact Melissa Paurowski:
mpaurowski@marietta-city.k12.ga.us.
Signature
Parent

_______________________
Date

Signature
Principal

Date

Signature

12/14/21
Classroom Teacher

Date
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Research Study Assent Form (15-17 Year Age Range)
Name of Minor: _____________________________
Parental Permission on File:  Yes

 No**

**(If “No,” do not proceed with assent or research procedures.)

Study Title: The Association between of Productive Struggle and Student Achievement in the IB
Mathematics Classroom
Researchers: Melissa Paurowski (mpaurowski@marietta-city.k12.ga.us)
I am completing a research study as part of my doctoral program for Kennesaw State University. I am
inviting you to take part in this study. Your parent(s) know we are talking with you about the study, but it
is up to you to decide if you want to be in the study. This form will tell you about the study to help you
decide whether or not you want to take part in it.
Why is this study being done?
The purpose of the study is to help me learn about the instructional strategy productive struggle and
whether this strategy will aid in improving student achievement and conceptual understanding.
You are being asked to take part because you are a member of this IB course and the study is specifically
focused on the IB curriculum.
What am I being asked to do?
If you decide to be in the study, I will ask you to:
 Complete our warm up questions each day, as part of our normal class routine.
 This will take about the first 10 – 15 minutes of class.
 You will be working in groups; collaboration with your group members is encouraged but not
required.
 After you complete the warm up question, you will be asked to complete a google form survey
which will ask you some questions about how you were feeling about certain parts of the warm
up question. This survey is not graded and has no bearing on any grade assigned in this course.
 Your warm up question will be scored and entered as a formative assessment grade, as it was last
semester.
 The class will be recorded on Zoom as it normally is and in addition, there will be a microphone at
each table. The recordings are not being published or released; they are only for me to be able to
hear what you discuss at your table in case I miss the discussion while I am walking around the
room or it is not able to be heard on the video recording. You will not be recorded without your
permission.

What are the benefits to me for taking part in the study?
I believe the benefits to this study could be an increase in your understanding of the topics due to your
willingness to collaborate and reflect about each question.
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Are there any risks to me if I am in this study?
The potential risks of taking part in this study are:
 Although the video and audio recordings of your discussions about the warm up question will be
saved on a password-protected computer, it is possible the recordings could be lost or stolen if the
laptop in which they were stored was compromised.
Will my information be kept private?
The data for this study will be kept private and confidential to the extent allowed by federal and state law.
Under rare circumstances your data you may be reviewed by WSU officials or people from the
organization or agency that funded the study.
 Student data will be coded by a numerical coding; names will not be used in the data analyzation
portion of this study.
 Participants’ conversations that are recorded will be stored on a password protected computer and
deleted once the study is complete.
 The researcher (Mrs. Paurowski) will be the only person who has access to the data with student
names attached, as it will be in Aspen (our school gradebook system). Data published as a part
of this study will be numerical and not contain any personal student information.
When I tell other people or write articles about what I learned in the study, I won’t include your name or
that of anyone else who took part in the study.

Compensation
You will not receive money or any other form of compensation for taking part in this study.
What are my rights as a research study volunteer?
Your participation in this research study is completely voluntary. You do not have to be a part of this
study if you don’t want to. There will be no penalty to you if you choose not to take part and no one will
be upset or angry at you. You may choose not to answer any questions you don’t want to answer, and
you can change your mind and not be in the study at any time.
Could I be removed from the study?
There are two ways a student could be removed from the study:
1) If the student chooses to withdraw from the study, the student will still continue to complete the same
tasks as the other students participating, except the data from that particular student will not be used as a
part of the study.
2) If a student leaves the school or moves to a different class, the PI will not use any of the data collected
from the student. If a new student enters the course after data collection has started, this student will
complete all tasks with the students participating in the study, but the data will not be used as part of the
analysis.
Who can I talk to if I have questions?
If you have questions at any time, you can ask me and you can talk to your parent about the study. We
will give you a copy of this form to keep. If you want to ask us questions about the study, call or email
Melissa Paurowski, mpaurowski@marietta-city.k12.ga.us
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If you have questions about your rights in the study, or you are unhappy about something that happens to
you in the study, you can contact the Kennesaw State University IRB Office at irb@kennesaw.edu.
Statement of Consent
If you want to participate in this research, please sign below. By signing, you are agreeing to participate
in this research.
__________________________________

_____________________

Signature of Participant
___________________________________

Date
__________________________

Signature of Researcher Obtaining Consent

Date
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Appendix F
Warm up Questions for Data Collection
Question 1: January 24 & 25
Solve for x. No calculator.
y = 2sin2x + sin(x) – 1

CLD: 3

Question 2: January 26 & 27
CLD: 3
Write a cosine equation in the form of 𝑦 = 𝑑 + acos 𝑏(𝑥 − 𝑐)

Marks: 4

Marks: 4
4

p= ________ a = _______ d = ________ c = ________
Question 3: January 28 & 31
CLD: 3
Marks: 4
1
Graph y = 2tan2πx over the following domain [− , 1]. Label asymptotes and key points.
2


2



3
2

Question 4: Feb 1 & 2
CLD: 4
Marks: 7
1) Write a cosine and sine equation in standard form 𝑦 = 𝑑 + acos 𝑏(𝑥 − 𝑐) using your specific weather data. Show
work.
Cosine Equation : _______________________________________
Sine Equation: __________________________________________

2) Use your equation (either one) to find the average temperature on 10/31.
Show work.
3) Use your equation to find the average temperature on your birthday. Show work.

Question 5: Feb 7 & 8
CLD: 2
Marks: 6
A fair die is rolled once. Write down the probability that the number shown on top is:
(a) an odd number
(b) a number greater than 2
(c) a number greater than or equal to 2
(d) a prime number
(e) a number greater than 2 and a prime number
(f) a number greater than 2 or a prime number
Question 6: Feb 9 & 10
CLD: 3
Marks: 7
A bag contains 5 white balls 3 red balls. A ball is removed at random and is not replaced into the bag. A second ball
is removed randomly. What is the probability that:
(a) both balls are white
(b) both balls are red
(c) the two balls are different colors
(d) the two balls are the same color
(e) the first ball is red and the second ball is white

2
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Question 7: Feb 15 & 16
CLD: 4
Marks: 4
Consider a game in which two players each choose an integer from 1 to 3. If the sum of the two integers is even,
then player A scores 4 points and Player B loses 2 points. If the sum is odd, then Player B scores 4 points and player
A loses 2 points.
Is this game fair? Show math to answer the question. If yes, explain why. If no, how could you make it fair?

Question 8: March 15 & 16
CLD: 4
Marks: 4
Since students rarely need to guess every single problem, let’s revise our problem. Suppose a student can retain
30% of the information from class without doing homework or studying. This student is given a 15 question
multiple choice test where each question has 4 answers choices. Let’s also say that “dumb” mistakes don’t happen
here.
correct

1) Probability (knows and is correct) = _______
2) Probability (knows and is incorrect) = 0

knows

3) Probability (doesn’t know and is correct) = _______
4) Probability (doesn’t know and is incorrect)=_____

incorrect

correct

doesn't
know

incorrect

Decimal answers here.
P(student gives the correct answer on any 1 question of the test)
P(student gives the wrong answer on any 1 question of the test)

Question 9: March 2 & 3

CLD: 3

Marks: 11
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Question 10: March 4 & 7

CLD: 2

Marks: 3

